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I.
Introduction
The fungi as contrasted with the bacteria are relatively un-
important in animal pathology. However, some of the earliest
attempts to associate micro-organisms with disease resulted in the
discovery of fungi as their causal agent 3. The fungi causing thrush
and ringworm were known and well described before any of the patho-
genic bacteria had been isolated. IXiring the last quarter of the
nineteenth century the bacterial diseases have taken much of the
time of students of human pathology and it has been only during
the last fifteen or twenty years that they have again turned their
attention to the less important fungous diseases. Interest has
been centered largely in those diseases grouped under the general
name "blastomycoses", so called because the organisms concerned
have, at some stage in their life history, budding vegetative cells.
Such organisms have long been called "blastomycet es" by the medical
profession.
The budding or yeast-like fungi have been so constantly asso-
ciated with various diseases within recent years and so much confu-
sion exists concerning their life histories and proper botanical
position, that it has been thought worth while to make a special
study of these organisms from a mycological standpoint. It was first
considered essential to ascertain whether or not the budding fungi
were present in the human body, their relative abundance under normal
and abnormal conditions and their relation to each other and to the
pathogenic "blastomycet es" isolated by other investigators.
The objects of the present investigation were therefore:
1. To determine the presence or absence and the relative

2abundance of yeast-like fungi in the normal alimentary
t ract
.
2. To compare the number and kinds isolated from the normal
alimentary tract with those found in individuals suffer-
ing from gast ro-i nt est i nal disturbances.
3. To determine the proper botanical position of these yeast-
like organisms and to compare them with the pathogenic
fungi of similar structure.
4. To investigate the mode of development ana the life
histories of the fungi secured.
5. To devise a practical scheme of separating species within
the group
.
6. To determine the fate of yeast- like organisms when
ingest ed
,
Hi stori cal
A brief review of some of the more recent fundamental articles
on pathogenic yeasts 1 is all that will be attempted at this point.
The earlier works have been thoroughly reviewed by Plaut ('03),
Busse ('03), Gedoelst ('02), Gueguen ('05), and Guilliermond ('12),
all of whom give excellent bibliographies. Emig ('16) also gives a
fairly complete bibliography and reviews some of the more recent
publications. Those publications dealing with the taxonomic,
physiological, cultural and morphological phases of the subject will
be reviewed under the discussion of these items.
Recently Ashford ('15a, '15b, '15c,) in studying the etiology
of sprue, has announced the constant presence of a yeast-like
organism in the digestive tract, thus confirming and extending the
investigations of Eahr ('14), Kohlbrugge ('01), Le Dantec ('OS), and
Castellani ('14), all of whom had previously isolated fungi of the
1. The term "yeasts" will be employed in the following pages
when referring to the yeast-like organisms under consideration.
This shorter term does not imply that the fungi referred to are
true yeasts in the narrower sense of the term.

3Oi dium albi cans type from sprue case3. This disease is present in
the southern United States according to Wood ('15), and is of
considerable importance in our tropical island territories. It has
been suggested by Wood and others that pellagra, having many
symptoms in common with sprue, may be caused by a similar organism.
A series of articles by Castellani ('11, '12, '13, '14,)
Castellani and Low ('13), and Castellani and Chalmers ('13), on the
presence of yeast-like organisms of the Oidium albi cans type in a
number of tropical diseases has emphasized the importance of a more
intensive study of these fungi. Castellani has recorded the pres-
ence of thirty-three species of "Monilia" as occuring in widely
different types of disease. He has also separated the common thrush
organism, formerly called Oidium albi cans , into a number of new
species (Castellani '16), on the basis of certain cultural and
biochemical reactions.
Recently, Simon ('17) has studied an infection of the lungs,
of a tubercular nature, in which he found a yeast- like organism
similar to Oidium albicans . Birch-Hirchf eld ('75) has recorded
a case of the thrush organism involving the lungs and Castellani
('13) recorded sixteen of his "species" as occuring in "broncho-
oidiosis". Other investigators have also recorded cases where
the thrush fungus was present in the lungs.
The presence of yeast-like organisms in the throat, in cases
of membranous anginas of various kinds, has been demonstrated by
many pathologists. De Stoecklin ('98) was the first to make an
extensive study of these organisms. He found them in thirty- seven
cases out of 500 of patients suspected of having diphtheria. He
referred all his fungi to the thrush organism, Oidium albi cans .

4Wilson ('04), in this country, in a study of 136 cases of membranous
angina from which the diphtheria bacillus was absent, found yeasts
in almost all cases in practically pure culture. He also found
yeasts associated with diphtheria in 97 cases. Grover ( ! 16) gives
a review of all the previous investigations on this subject and
contributes further to our knowledge of the subject of throat infec-
tion. He obtained 90 organisms other than bacteria from suspected
diphtheria throats. Of these 56 were yeast-like and these he
studied in some detail but did not attempt to classify them except
to place them in groups. He lists 17 "varieties" based on re-
actions with a series of sugars and polysaccharids , such as those
employed by Castellani.
The interesting investigations of a group of Italian v/orkers on
the relation of yeasts to cancer have received more attention than
the results warrant. The possibility of finding the cause of this
serious malady has led many to attempt to repeat the experiments of
these investigators. San Felice ('95- f 03) was the pioneer in this
field. He isolated from fermenting fruit a yeast which he called
Saccharomyc es neoformans and injected it into laboratory animals.
The animals died and upon examination there were found many small
tumors on the internal organs from which he was able to reisolate
the fungus. Busse ('95, '03 ) Maffucci and Sirleo ('98), Roncali
(
f 95), Leopold ('00) Binaghi ('96), and others isolated yeasts
both from carcinoma and sarcoma. Loeb, Moore and Fleisher ('13)
were not able to substantiate the work of these earlier investiga-
tors, although they found a yeast in one of the seventeen cancers
examined. They found this organism to be very pathogenic when
inoculated into laboratory animals.

5The work of Gilchrist and Stokes ('98), Ricketts ('01), Stober
(
f 14), Wade and Bel ('16), and others on "blastomycoses" in this
country will be reviewed in greater detail in another section.
The yeasts of the alimentary tract have received attention
from only a few investigators. The presence of these organisms in
the digestive tract has been noted by many observers but no attempt
has been made to study them in detail. The presence of a beer-
fermenting yeast in the intestines was recorded as early as 1828
(Bohm '28). Demme ('91) describes a red yeast present in milk
and cheese as causing gastritis in children drinking the milk.
Casagrandi ('98), has made the most complete study of the yeast-
like fungi of the alimentary tract. He states that, having made a
study of the "blastomycet es " of the intestinal tract of healthy
children and those suffering from diarrhea, he came to the follow-
ing conclusions: " (l) In the intestines of the healthy children
there were as many blastomycet es as in those affected with diarrhea;
(2) The forms found in both conditions vary from case to case and
it cannot be maintained as many wish, that they always belong to
Saccharomyces cerevi si
a
e
,
Saccharomyces ellipsoideu s
,
etc.; (3)
The blast omycet es must, for the present, be regarded as accidental
ingredients of the feces, since in the same case observed at
different periods they vary so extraordinarily, and since in no
case has any one succeeded in discovering a definite form, whether
in man or other animals, when these were affected with diarrhea;
(4) Up to the present time it has not been possible to bring for-
ward any evidence which will go to show whether the yeasts present
in the intestines have any useful or harmful action on the gastro-
intestinal functions." (Translation by Anderson).

Most investigators have tested the pathogenicity of the yeasts
studied by injection. In the case of those species suspected of
causing gastro-int estinal diseases this is not a satisfactory test,
since the disease might be of such a nature as to be restricted to
the mucous membrane of the alimentary tract and furthermore, the
organism might be destroyed by the body fluids when injected and
yet be able to live and cause serious trouble in the stomach or
intestines. The most extensive earlier experiments of this kind
were those of Neumayer ( f 9l) and Raum ( f 9l). The former used
seven types of yeasts in his feeding experiments, three "wild
yeast s
yeasts", two "wei ssbi erV and one brandy yeast, two "Torula" species,
Sac charomyses apiculatus , and two culture yeasts from a brewing
experiment station. Two of the wild yeasts were from grape must,
the third from beer. These yeasts were fed first in small, and later
in large quantities to different individuals. When fed alone with
no carbohydrate food, even in quantities of thirty grams daily for
four days, there was no ill effect produced. When these same
yeasts were fed to the same individual with a carbohydrate diet or
with beer there resulted a diarrheal condition with headache,
fever and internal pains. The author ascribed these complications
to the production of the higher alcohols ("fusel oil") which are
produced from the carbohydrates at the high temperature of the body.
He proved this by growing these yeasts at a high temperature out-
side the body and feeding the filtered product. This produced the
same effect as feeding with the carbohydrates.
Ashford ('16) has made an extensive study of animal inocula-
tion with his sprue organism both by injection and ingestion. He
explains his own negative results in his feeding experiments at an

7earlier date on the ground that the organism concerned rapidly
loses its virulence when kept on artificial laboratory media. His
positive results were obtained by the use of recently isolated
yeasts or those passed through susceptible animals.
II Investigation of Yeast s in the Human Digestive Tract
Obt ai ned from the ?eces
The series of experiments which follows was planned to deter-
mine the presence or absence and relative number of yeast-like
organisms in the human alimentary tract, and to discover any rela-
tion which might exist between their presence and gastro-int est ibnal
disturbances of various kinds. They were intended to extend and
supplement the investigations of Ashford and others. In addition,
it was hoped that a study of such organisms as were isolated would
furnish a means of distinguishing the pathogenic yeasts from those
harmless ones accidentally present but frequently occuring in the
feces
.
Methods
Media for i solation .- The fact that the feces contain such a
large number of bacteria, as compared with the fungi, has made the
isolation of the latter group very difficult when using the ordin-
ary culture media and standard plating methods. "For this reason, a
medium which restricted the growth of the bacteria had to be
employed. The most useful medium for this purpose is undoubtedly
Sabouraud's agar as suggested by Ashford ('150). Since the method
of preparation has been somewhat modified and since the standard
text books on bacteriological methods do not include the formula
for this valuable medium the following detailed account is
included:

8Agar
Peptone
Dext ro se
Water
20 grams
10 "
40
1 liter
The agar, peptone and water are mixed and dissolved in the usual
way. The medium is then titrated and rendered 4- 2 acid with normal
hydrochloric acid. Without further heating, the sugar is added and
the medium tubed in previously st eri li zed tubes. Care is necessary
in sterilizing since the high acidity of the medium may prevent
solidification. Ten minutes at five pounds pressure is usually
sufficient. This is better than discontinuous sterilization, since
reheating the agar seems to destroy its power of solidifying under
these conditions. The high acidity of the medium prevents the
bacteria of the feces from developing rapidly.
Collecting and plat in a; samples Since yeasts are present in
fairly large numbers in the air and on unsterilized objects, it was
necessary to collect the samples v/ith as little contamination as
possible. For this purpose small vials, 20 x 70 mm., with wooden
spatulas firmly fixed in the cork and extending almost to the bottom
of the vial, were prepared. These could be sterilized in the hot air
sterilizer with the cork and spatula in place. By means of the
spatula a small portion of the sample to be studied was introduced
into the vial without contact with external sources of contamination.
In this condition the vial could be shipped some distance without
danger of contamination and with little change in the water content
of the sample.
The regular dilution and poured plate method was found un-
satisfactory for the primary cultivation of the yeasts and their
separation from the bacteria. This was probably due to the fact

9that the yeasts develop rapidly only on the surface of the plate
and few are left on the surface under these conditions. Another
method was therefore employed in most of the isolations. This is
a modification of the method used by Ashford.
Three plates of the acid dextrose agar were poured and allowed
to harden. A stiff platinum needle was then sterilized and thrust
into the sample. The agar was touched lightly at points about
four millimeters apart in a line across the plate, ^his process was
repeated, each series of contacts forming a row across the plate,
from ten to twenty contacts being the usual number in each row.
There were usually about twenty rows on each plate, thus giving
between two and four hundred contacts. This procedure was modified
somewhat when a large or very small number of yeasts were exnected,
or where the consistence of the feces made a change necessary.
While no exact quantitative results were expected by the use
of this method some very interesting comparative results were ob-
tained. A sample which contained a relatively large number of
yeasts would develop from twenty to two hundred yeast colonies on
each plate, while in those in which only the normal number was pre-
sent, only two or three colonies appeared on each plate, or five or
six colonies would appear on one plate and none on the other two.
This striking difference was especially clear in the feeding experi-
ments where the number would jump from less than one per cent of
the contacts before feeding, to eighty or ninety-five per cent
immediately after feeding and then back again to one per cent or
less a few days later. The dilution method was used in a number
of cases as a check on this contact method with the result that
the latter was found to be even more accurate than was expected.
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There i s no question but that it gives accurate comparative results
when carefully carried out.
The yeast colonies which were developed on the medium were
usually pearl-white or pink in color and could be distinguished from
the usually clear bacterial colonies. However, every distinctive
colony on a plate was examined in order not to overlook a possible
unusual yeast growth. An objection that might be urged against
this method is the possibility of yeasts existing in the feces as
sensitive to acid conditions as are the bacteria. In order to test
this, a large number of yeasts were obtained from various sources
and each was plated on agar directly, or mixed with the feces and
then plated. In no case did the yeast fail to develop. All the
common species of Saccharomyces
,
Mycoderma, Torula, Oidium and
Cryptococcus were tried. Also undetermined yeast-like fungi
from fruits, fresh yeast-cake, air, soil, stomach contents, etc.,
were used with like results.
The plates, inoculated as described above, were kept at room
temperature until the colonies were fairly large. Records were
then taken of the number of yeast and other fungus colonies present.
Whenever possible the type of fungus was recorded. Then the plate
was kept for another week and if no further development resulted
it was discarded. Care was taken to guard against external contam-
ination when working with the plates. The yeasts and other fungi,
when desired, were isolated by the usual three plate dilution method
using the acid-dext ro se-agar or ordinary nutrient agar.
The following table gives a numerical summary of the results
obtained from the study of samples taken from 175 persons by the
above methods:
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TABLE 1
Summary of i so lations of yeast s from 175 persons exami ned .
Total number of individuals from whom
samples were obtained
Total number of samples plated
Total number of samples yielding yeasts
Total number of yeast isolations
Percentage of samples yielding yeasts
Total number of individuals without gastro-int est inal
disturbances
Total number of diarrheal cases (exclusive of
sprue and pellagra cases)
Total number of uncertain history
Total number of pellagra cases
Total number of sprue cases
Total number of yeast isolations from 98 normal
individuals
Percentage of normal individuals yielding yeasts --
Total number of yeast isolations from 31 diarrheal cases
Percentage of diarrheal cases yielding yeasts
Total number of yeast isolations from 18 pellagra cases
Percentage of pellagra cases yielding yeasts
1. In several cases a number of samples were taken from
the same individual at different dates.
2. Two or three different species frequently occured on the
same plate from one individual.
3. A plate containing several species was regarded as a
single isolation in this and the following results in the table.
175
229 1
85
1132
37
98
31
27
18
1
46 3
47
13
45
4
---- 22

(Table l)
Total number of yeast isolations from 1 sprue case
based on eight trials 8
Percentage of yeast isolations in sprue case (8 trials ) 100
Total number of yeast isolations from 27 unknowns 14
Percentage of yeast isolations from unknowns 52^
Number of "healthy" individuals showing large numbers of
yeasts (10$ or more of contacts) on first trial 9
Number of diarrheal cases showing large numbers of
yeasts on first trial
o
Percentage of sprue cases showing large numbers of yeasts 100
Number of pellegra cases showing large numbers of yeasts 1
Pi scussion o f Result s
An explanation of some of the results recorded in this table
is necessary at this point. The percentage of positive results
based on the total number of isolations is undoubtedly lower than
it should be because, in a number of cases, an Oidium-lacti s- t.ype
of fungus developed so rapidly as to prevent the growth of yeasts
had they been present. In other cases, especially in diarrheal
stools, certain slime-forming bacteria developed in spite of the
acidity of the medium. Furthermore, the small quantity of feces
used for plating would naturally reduce the number of positive re-
sults. There is little question but that yeasts are present in
small numbers in practically all human feces.
1. The high percentage here is due to the fact that some of
these isolations were made by others who reported only successful
results. In cases actually recorded by the writer, the percentage
approached that of the normal individuals.
2. Percentage results are given here since only a single case
of sprue was included, but a number of trials proved the uniform
presence of yeasts in the feces.
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It will be noticed that the percentage of positive results from
health/ individuals and from those with diarrhea is approximately
the same. The sprue case, in eight recorded trials, yielded over
fifty percent of colonies in every plating. Thus the fact that the
results v/ere positive in this case are not as significant as find-
ing a very large number in every trial. The pellagra cases yielded
less than the normal number of positive results. However, Oidium
1 act is was present in several of the pellagra stools and had an
unusual chance to develop before plating on account of the long
time in transit from the point of collection, (Spartanburg, S.C.).
Only one of the pellagra cases showed a large number of yeasts in
the first trial. Failure to secure more samples from this individ-
ual rendered the results incomplete.
The results of Ashford and those recorded above in a sprue
case indicate that the constant presence of large numbers of yeasts
in the stools is more significant than the presence of a few in
each sample. For this reason particular attention was given to
those cases where a large number of yeasts were found in the first
plating and a special effort was made in such cases to secure
samples at intervals from these same individuals. It will be shown
from the feeding experiments that a comparatively small amount of
yeast material ingested with the food will cause a very decided
increase in the number found in the feces. Therefore, the presence
of a large number from one sample could be accounted for by the fact
that the individual had eaten fruit or other food containing an
abundance of yeasts. If repeated trials showed a constant large
number some other cause would have to be sought . In the summary
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table it will be noticed that nine healthy individuals gave large
numbers of yeasts on the first trial. Subsequent samples from
these same individuals showed, cn the second trial, only two giving
large numbers, and on the third trial only one continued to give
positive results. This last case was that of a woman about sixty-
five years old in the Kankakee State Hospital for Insane. A record
of this case showed that she had no gast ro-int estinal disorder but
was in a very weak condition during the course of the trials. After
the fifth positive sample had been obtained she died from a
cerebral hemorrhage. She was given the ordinary diet and the
positive results could be explained only on the basis of her weaken-
ed condition.
The table shows that none of the diarrheal cases gave large
numbers of yeasts and that in only one pellagra case was there an
unusual number present. These results indicate that in the sprue
case the constant presence of a large number of yeasts in the feces
has some special significance. From the fact that in sprue the
stools are decidedly acid, and that acidity favors the development
of such organisms as those found in sprue cases, one might argue
that their presence is only indicative of abnormal conditions aris-
ing from other causes. Thus the thrush organism develops in the
mouth of infants before the secretions render it alkaline, and a
number of investigators have stated that the appearance of the
thrush organism in the mucojs membrane of adults indicates an acid
condition. The presence of abundant yeasts might, therefore, be an
indication of abnormal conditions in the intestinal tract. If
this hypothesis were true one would expect to find large numbers
of yeast-like fungi constantly present in other types of intestinal
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disorders which give similar conditions to that of sprue or thrush.
The results obtained in this investigation show that comparatively
few diarrheal cases yield large numbers of yeasts, and indicate that
some other explanation of the large numbers found in sprue cases is
necessary
.
The geographical distribution of the individuals studied was
found to be of no particular significance. Individuals from the
southern states gave no different results from those in this region.
A large number of samples were obtained from the State Hospital for
the insane at Kankakee. These samples were taken at different
times extending over a period of several weeks, thus securing them
under varying conditions of diet. The samples from pellagra cases
were obtained from the U.S. Pellagra Hospital at Spartanburg, S.C.
A number of individuals from Urbana and Champaign also furnished
material for study. An epidemic of gast ro-i nt estinal trouble at the
Lincoln State School and Colony, at Lincoln, Illinois, furnished an
exceptional opportunity for studying diarrheal cases. Local physi-
cians kindly secured a number of miscellaneous cases of intestinal
disturbances. The type of diarrhea and its cause, in so far as known,
was recorded, but on account of the general negative results, it has
not been thought worth while to include individual cases in this
thesi s
.
The spruesA r eco rded , is of special interest since it is one of
the few studied in temperate climates from an etiological standpoint.
The individual from whom the isolations were made had lived for
two years in Porto Rico (1912-1914) where it is supposed she
contracted the disease. She then came to Urbana and has lived here
since, except that the summer of 1915 was also spent in Porto Rico.
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The present tests were made during the fall of 1916.
As mentioned above, the diet of the individual could evidently
influence the number of yeasts present at any one time. It was
not possible, however, to make a detailed study of the diet of the
individuals examined and no attempt was made to control this factor
except to secure samples from a large number of individuals under
different conditions of diet and at various seasons of the year.
Summarizing the results obtained from one hundred and seventy-
five individuals, it is evident that yeast-like organisms are pre-
sent only in relatively small numbers in healthy individuals; that
ordinary gastro-int est i rial disorders have no relation to the yeast
flora of the intestinal tract; that the constant presence of large
numbers of yeasts is not met with in healthy or diseased individuals
under ordinary conditions; and that in the single sprue case
examined, a species of yeast was constantly present in large numbers
in all samples plated.
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III Morpho logi cal , Phy si o logi cal , and Cultural Studi cs
o f Qrgani ams I so l at e d
The one hundred and thirteen organisms isolated were grown on
a number of culture media in order to make a preliminary separa-
tion into groups on the basis of striking differences in cultural
and morphological characters. For comparison with these, the
determined organisms given in the accompanying table were obtained
from various sources. In addition to these a number of undetermined
species isolated from the gastric residua of normal individuals was
furnished by Mr. Max Levine of the Iowa State College; organisms
which are of special interest on account of their source. Several
cultures of species of Fycoderma, Torula and Monilia, indicated by
number only, were received from different laboratories. Cultures
isolated from different fruits during the course of this study were
also used for comparison as was also Sclerotinia ( Mo ni 1 i
a
) cinerea
isolated from plum. Dr. Simon also kindly sent me the organism
described by him as causing a tubercular condition of the lungs
(Simon '17). Blastomyces dermatitis was obtained from the Memorial
Institute of Infectious Diseases in Chicago and from the American
Museum of Natural History. Thus, in all, over one hundred and sixty
cultures were used in the preliminary study of the group of budding
fungi. While only a limited number of these were studied in detail,
a series of comparative observations was made on the entire series.
As the result of a preliminary study the organisms isolated were
separated into a number of large groups which will be described
below
.
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TABLE II
Li 3t of fu ngi used f o r comparat i ve study
1Name of fungus Source and remarks
i Saccharomyces cerevisiae Parke Davi s Co . Detroit
glutinis •i •i ii •i
3 Mo ni li a Candida Bon. n ii it
Ax Centralst elle fur Pilzkul-
turen, Amsterdam, Ho Hand
5 hjimj._cp_l a. Ou d em . ii ii ii n
6 H sitqphila_ (Llont.) Sacc. H ii ii ii
7 Oi dium humi_ Maze II ii ii ii
8 •i lactis Fresenius II ii it ii
9 pullans Lind. II ii ii ii
10 Saccharomyces hominLs Busse •1 it ii N
11 « Pastorianus Hansen II ii ii II
12 n glutinis (Pres) Cohn. II ii •i ••
13 ii ellipsoideus (l) Han. II ii ii ll
14 ti cerevisiae Hansen •1 ii ii II
15 •• anomalous " II ii ii 11
16 M pathogenic Binot II ii ii •1
17 II " Curtis II ii it 11
18 n Foulerton II ii ii M
19 Schizo saccharomyces Ppmbe. Lindner N ii ii II
20 ii " octosporus Beyerinck •t it ii II
21 Torula glutinis (Conn) Prinesh.
et Bilersky II it •i •1
22
» - - d
Torula humi cola Daczewska •l n n n
1. The names of the fungi and the authors of the species
here listed are those used by the person sending the cultures.
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(Table II continued)
No . Name of fungus Source and remarks
23
24
25
26
27
Torula rubra Schimon C
Willi a belgica Lindner
Blastomyces dermatitis Gilchrist
and Stokes
X> X cto U IJlJr U C O U-CJ.iIlcl.b-L L X O vX X ILIi I X ol
and Stokes
Oidium albicans Ch . Robin
entralstelle fur Pilzkulturen
Amsterdam, Holland
n ii n H H
Am. Museum of Nat. Hist.
1 emorial Inst. Infect.
Diseases, Chicago
London, Eng. Courtesy
Dr. Singer, Kankakee State
Hospital
Variation in color furnished the first basis of separation.
There appeared in a large number of the original plates pink or
red colonies of yeasts which made gelatinous watery growths and
appeared very similar in gross characters. Isolations of these were
not attempted except in about half the first samples tested, since
it was early decided that most of these were of the same species.
Whenever a variation in these pink colonies was observed such as
shade of color, type of growth or shape of cells upon microscopical
examination, the form was isolated and saved for future comparison.
Four types of red or pink yeasts were thus obtained which will be
referred to only as Types I to IV since the present thesis includes
a specific study of but one of these.
The second group, on the basis of color, included those
of a chalky-white appearance on agar slant cultures. These con-
stituted the largest percentage of yeasts isolated and it is with
this group that this thesis is especially concerned.
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The third group develops a yellow, golden or grey colony on
agar slants. This is a miscellaneous group for the inclusion of all
the odd forms not included in the first two groups. It is especially
important, however, since many of the so-called pathogenic yeasts
are of this type. Only two isolations of this type were made but
several of Levine's yeasts from normal stomach contents belong here.
Most of the yeasts of this type liquify gelatine and develop more
or less of a slimy growth on most media. The three groups outlined
above will be designated as the "pink", "white" and "golden" groups.
The white group, on account of the number of forms isolated
and their similarity to most of the important pathogenic yeasts
described in the literature as "Monilia" and "Oidium" species, were
made the object of special study. This group could be sub-divided
into two very distinct sub-groups: (l) those which form a slightly
to decidedly heaped, gli st enin& growth, especially in young slant
cultures, and (2) those which form a spreading, dull-white growth
on agar slants and usually produce a heavy, dry pellicle within
forty-eight hours on liquid media. The latter type will be designat-
ed the "Mycoderma type" since this characteristic growth is the
basis of the formation of this genus according to Hansen, Will and
others
.
After the separation of the cultures on the basis of the gross
characters given above, a morphological study of a large number
of these forms was undertaken. The criterion used in selecting
these fungi from others which frequently occurred on the same plate
was their "yeast- like" appearance. By this is meant the formation
in young cultures of single cells which reproduce by budding, in
other words, uni eel lular
,
budding organisms . Before going into the
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".ore detailed description of morphological characters a further
discussion of the significance of the budding process will be given.
The Signi f i cance o f Buddi ng
The production of a new cell or a new individual plant by budd-
ing is an entirely different process from the production of a new
cell, conidium or spore by septation or abjunction. In the budd-
ing process a protuberance is formed at some point on the parent cell,
This swells and increases in size in the distal portion but not at
the junction. This results in a narrov; neck which remains narrow
during the further growth of the cell. When the daughter cell has
reached a certain size the protoplasm at the neck is separated and
a wall is formed between the end of this cell and the portion of
the original cell from which the bud arose. This results in two dis-
tinct and separate individuals and the daughter cell is very easily
detached from the parent. In the process of septation, on the other
hand, the parent cell elongates and the protoplasm is separated by a
cross wall. If the fungus has a hyphal development this usually
takes place at the end of the hypha, i.e., the growth is apical.
If a branch is formed a protuberance appears as in a bud, but
there is no constriction or only a slight constriction at the point
of attachment to the parent hypha. If budding is regarded as a type
of reproduction comparable to the formation of conidia 8, difference
may also be seen here in most cases, in that usually the end of the
sporophore elongates and the conidia are cut off by septation as in
the formation of a new cell. The cell which is cut off to form
the conidium may enlarge, become rounded, or change its shape in
various ways. In some cases a condition falsely simulating budding
seems to occur, in that near the end of the elongated sporophore

there appears a sinus whi ch gradually narrowing, squeezes off the
spore. But in this case the conidiura is from the first as broad
as the parent hypha. In some of the lower hyphomycet e3 , there are
conditions of conidial formation which closely approach true budding.
In these cases the resulting conidia when mature are definite in
form and size and, upon germination, produce true germ tubes. In
the case of the yeasts the buds are in no sense conidia or spores of
the parent plant. Rather they are new individuals ready to grow and
carry on all the necessary metabolic processes of the organism.
Upon germination, conidia or spores send out true germ tubes by the
further growth of which a mycelium is formed. In the budding process
on the other hand, the new cells formed, upon further growth, produce
new buds and not germ tubes.
It is recognized that the fungi which develop a true mycelium
such as the Exoascaceae and the Ust i lagi nales may have budding
stages in their life histories. Budding is not rare in most of the
larger orders of fungi, and may appear under abnormal conditions in
many forms (De Bary '87). It is not maintained, on the other hand,
that the yeast-like fungi described in this article never form a
septate mycelium. But it is asserted that there exists a group of
fungi which, under a very wide range of cultural conditions, rarely
form septate hyphae but on the contrary produce new individual,
unicellular plants almost exclusively through the/process of budding.
General Morpho logy
Microscopical examination of all the cultures revealed a wide
range of morphological characters. The only character all forms
had in common was that of budding. In young cultures, in all cases,
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the only form was the budding yeast-like cells. These usually con-
tained more or less distinct vacuoles, although such were frequent-
ly absent. One or more refractive granules was also evident in the
vacuole or cytoplasm. In old cultures, a very decided change was
usually evident in the structure and form of the cells. In many
cases, the cells had elongated and, remaining attached to each other,
formed a hyphal thread, constricted at the ends of the cells. These
"articles" were easily broken apart with the result that elongated
cells were scattered among the shorter budding cells. In these old
cultures "giant cells", frequently ten times the diameter of the
normal cells, were present. The cell contents also changed, usually
one or more large "oil" globules appearing in each cell and frequent-
ly completely filling it. In other cases, no elongated or giant
cells were found and the individual cells were very small and showed
no budding.
The forms which these yeast-like fungi assume are various.
Fig. 1 represents, diagramati cally , a series of forms upon which the
terminology in the subsequent pages is based. A further description
of the forms and internal structure of the cells will be given in
the section devoted to a discussion of variation.
(a) round, (b ) oval, (c) elliptical, (d) narrowly elliptical, (e)
ovate, (f) oblong, (g) elongated, (h) limoniform, (apiculate)
(i) amoeboid.
The formation of a series of elongated cells does not
necessarily imply that the yeast concerned has given up the budding
habit in favor of hyphal formation and septation. In the majority
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of cases, such series of cells are formed "by the apical budding of
each cell in turn and the subsequent elongation of the members of
this series of cells. In certain species, however, and under condi-
tions which will be explained in more detail later, the cells pass
over into elongated mycelial threads which form true 3epta (Plate III
Pig. 13 ), just as in cell division in the other fungi. This condi-
tion, however, is rare, and even here the individual cells of the
mycelium send out true buds, which, in turn, bud in the same manner
as the cells in a young culture. A large number of species do not
form septate hyphae under any condition so far discovered. There are
therefore, three distinct morphological groups in the forms studied:
(l) those which have only round or oval cells, (2) those which may
form elongated cells but do not produce septate hyphae, (3) those
which form elongated cells which may pass over into septate hyphae.
There is not a sharp distinction between the first two groups but
these are fundamentally different from the last.
In all the forms studied, even when a septate mycelium was
developed, there was never a tendency to form a dry, aerial mycelium
such as^roduced by the majority of fungi when in culture. The
yeasts were grown on or in a very large number of media, under a
variety of conditions as to moisture and temperature, but never was
there an approach to aerial mycelial production. This is of funda-
mental importance in distinguishing these forms from such types as
Oidium lact i s , Moni li a cinerea and Blastomyces dermat i t i s .
The Easi s of Generic and Sp e c i f i
c
Separation
Within the Group
The forms isolated from the intestinal tract, when tested for
endospore formation by various standard methods, were found to be,
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with two exceptions, asporogenic species. Since the majority of
pathogenic fungi and a very large number of the species of yeast-
like organisms in nature are of this type, the following discussion
will deal exclusively with the asporogenic forms. Since they have
no sexual or "perfect" stage they are naturally included in the
Fungi Imperfecti.
Generi c separat io n . - In the preceding section it was stated
that a distinct morphological difference exists between the forms
which never produce new cells by septation and those which may
show septation under proper conditions. This fundamental difference
has been recognized by a number of writers. Cao ('00), on the basis
of the development of a villous growth in gelatin stab cultures and
the formation of elongated cells, wished to place all such forms
in the genus Oidium. He described a large number of such fungi _,us-
ing numbers only to designate his "species." He did not distinguish
between those which form elongated cells without septation and those
which produce septa. Will ('03-'15), in several instances in his
articles on "Sprosspilze ohne Spor enbi ldung" called attention to
these two types. Geiger ('10), also differentiates clearly between
the three groups enumerated in the prececeding section. He believed
that the forms having septate hyphae should be placed in the genus
Monilia, on the ground that Moni lia Candida is of this type. He
erects a new genus, Pseudomoni li a, to include four species having
elongated narrow cells of a hyphal nature, but without septa. The
forms producing septate mycelium under certain circumstances but
usually forming budding cells are included, by most authors, under
either the genus Monilia or Oidium. The latter genus is, as a rule,
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used to designate form3 of the Oidium lact i 3 type. The species ?/hich
do not form these elongated septate hyphae are usually placed in
the genus Torula if they do not form a pellicle in liquid media,
while if such is formed, they are called Mycoderma.
It is recognized that there may occur conditions under which
the non-septate might pass over into the septate type. But a series
of observations on a number of forms which produce elongated cells
but do not form septa, tends to show that the character is constant.
We have, therefore, a group of the Fungi Imperfecti which is
distinguished by the fact that, with the conditions under which
they grow and under all the usual conditions of laboratory culture,
reproduce by budding exclusively, and do not form a dry, aerial
mycelium. This group in turn can be separated into two distinct
morphological groups on the basis of septation or non-septat ion.
These two groups should be given generic rank and such a classifica-
tion is proposed in a later section of this thesis.
The formation of elongated, radiating thread-like filaments in
gelatin stab cultures does not prove that septate hyphae are formed.
Hanging drop cultures which are allowed to develop several days are
most useful in showing this character. The filaments extend from
the drop, in the case of solid media, into the water of condensation
on the cover glass and can be examined even under an oil immersion
objective. By watching these for an hour or so, the formation of
septa may be observed if it occurs. Various media may be used for
hanging drop cultures but a most satisfactory one is one half per
cent beerwort agar solution. A tube containing such a solution is
melted and a few yeast cells on the end of a needle are introduced.
The tube is then shaken and a portion drawn up into a sterile glass
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tube with a fine drawn end. The drops are then placed in a sterile
cover glass and inverted on a ring in the usual manner.
The basi s of specific c 1 as s i f i_c at ion .- The basis of specific
differentiation in most microscopic organisms, aside from the bact-
eria, is morphological. In the fungi the character of the mycelial
gro7/th, the form, size, marking and arrangement of the reproductive
bodies, whether sexual or asexual, are used for separating genera
and species, when any of these characters vary within the species
the limits of variation are not wide and can be easily determined by
biometric methods. Frequently internal structures, thickness of
spore walls, etc., aid in the separation of species. In the yeast-
like organisms under consideration, there are certain difficulties
encountered in attempting to separate the species by the various
characters given above. The yeasts are primarily unicellular organ-
isms, even when an apparent mycelium is formed. These individual
cells tend to assume a certain fairly uniform shape under a definite
set of conditions (Fig. 1). When two species are examined side by
side under the microscope, it usually is easy to see that they are
different
. But when a number of cells of one of these species are
measured, a wide variation is observed, and when compared with the
other species, these variations cause the measurements to overlap to
such an extent that it is impossible to distinguish, from description,
which of the two is under consideration. A very large number of
measurements, po ssibly, would reveal a constant difference between
the two species, but the necessary measurements would be too labori-
ous and uncertain for practical use. It is highly desirable that a
system of species differentiation be devised which is practical for
the average laboratory worker.
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The difficulties of differentiating species arising from this
great variation in the 3ize and form of the cells ha3 been recog-
nized by such workers as Hansen, Will and Geiger. They maintain,
as does the writer, that the morphological characters have little
analytical value when taken alone.
An attempt was made to use internal structures, such as size,
number and position of granules, the relative refraction of the
protoplasm, the size, number and location of the vacuoles, etc.,
as a basis for separating species. It was found, however, that
these internal structures varied according to the age of the cell
and the medium in which it was placed. At one stage a small vacuole
with a single dancing particle within it was present; a few hours
later, this vacuole would be much larger and there might be several
dancing particles in it, or the vacuole might seem to disappear
entirely, due, probably, to the change in the refractive index of
the solution. Thus no satisfactory means of separation could be
found by a study of internal structure.
The form of the cells is fairly constant in some species.
For example, Saccharomyc es cerevi si ae differs from Sac charomyces
Past ori anus in a constant manner, and one would have no difficulty
in separating these two species under the microscope. But the
number of possible forms the yeasts can assume is very limited as i
s
indicated by Fig. 1. Furthermore, a single species may have cells
of all of these forms in a single field of the mi cro scope^S'igi' 10 )
This is especially true of the "wild" yeasts under consideration.
The manner of budding is constant in many species. If a given
species is cultivated under a fairly wide range of conditions, the
buds may uniformly appear at some definite point on the cell. But
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here again there are only a few possibilities of differences. A
large number of species may bud in the same manner and again there
are forms which may vary in their manner of budding under varying
conditions. The tendency to form elongated cells of a hyphal charac-
ter is constant in certain species, but is present in a large number
of species.
All of the characters mentioned above, when used alone or in
combination, are of value in the description of a species; but the
general statement can be made, that no constant morphological charac-
ter or combination of characters can be found which is uniformly
reliable in differentiating single species,on account of the great
tendency to vary among species and the limitation of possibilities
in such simple organisms.
For this discussion it is evident that morphological characters
mast be used in connection with biochemical properties and cultural
peculiarities in the differentiation of asporogenic yeast-like
species, in the same manner in which the bacteriologist makes use of
these properties. Will ('C3-'15), has made a very exhaustive study
of the asporogenic yeasts, using biochemical properties and cultural
characters as a means of differentiating the "forms" obtained.
Geiger ('10), also uses Will's methods in his study of the species
of the genus Pseudomonilia. The assimilation of different sugars,
alcohols and organic acids, the production of alcohol and acids, the
resistance to alcohol etc., are some of the characters determined
for each form studied. Both authors also emphasize the importance
of the use of "giant colonies".
Intz and Guegen ('01), have proposed a classification based on
morphological and cultural characters. They wish to establish a
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standard method of procedure to use with all hyphornycet es such as the
bact eriologi st s employ for differentiating bacterial species. They
recommend the employment of a synthetic medium (Raulin's solution )
with and without various sugars, the addition of other carbohydrates,
glycerine etc. They also employ milk, potato and carrot slants and
egg albumin.
The complicated procedure recommended by Will cannot be under-
taken in ordinary routine work on account of the complex chemical
analysis employed, and the time necessary in completing the study
of a species. This is especially true where pathogenic yeasts are
to be studied, since the method employed by Will requires at least
three months for complete observation. The procedure recommended
by Lutz and Gue'gen has much in its favor, but does not include sev-
eral of the most important differentiating media. The yeast water
employed by Will and others is more satisfactory as a basic solution
although is chemical composition is not so definite as that of the
synthetic medium of Raulin.
Vari ation ; in cultural a.nd physiological characters are en-
countered in the yeasts, even to a greater extent than in the bac-
teria. This is especially true in streak cultures on solid media
1. Raulin's Solution.
Distilled water 1,500 grams
Cane sugar 70 "
Neutral potassium tartrate - 6.5 "
Ammonium nitrate 4.5 "
Potassium phosphate .6 "
Magnesium carbonate .4 "
Potassium sulphate .25"
Ferric sulphate .07"
Zinc sulphate .07"
Potassium silicate .07"
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such as agars, carrot and potato slants. uariation in fermentation
of sugars and in acid production is also frequently encountered.
Ashford ('lb), has recorded the fermentation of galactose and sucrose
"by his sprue organism at one time, while at another time it failed
to produce gas in these sugars.
In studying the organisms isolated, a large number of different
media were used and the cultural, physiological and biochemical pro-
perties of these yeasts were studied under a wide range of conditions.
The object has been to secure differential methods which are "based
on procedure ordinarily employed in bacteriological or mycological
laboratories. At the same time it is realized that additional infor-
mation along biochemical lines aids in a surer differentiation and
gives more insight into the complicated life processes of the organ-
isms concerned. The media which have been found most useful are
discussed in detail in the next section.
Agglutination and precipitation tests were not attempted in
this investigation. There is a possibility that some satisfactory
basis for specific differentiation may he obtained "by the use of
these properties, though the results obtained by various investiga-
tors thus far, have been disappointing.
Media employed for specif ic dif f erent iati on .
Sugar media .- Hansen has separated the genus Saccharomy ces
into six sub-groups based on their fermentative action toward four
sugars, dextrose, sucrose, maltose and lactose. Guilliermond ('12),
has also based his preliminary separation of the genus upon these
reactions. Castellani ( ! 16), has used a much larger number of
sugars and other carbohydrates in diff erent ating his "Monilia"
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species and he emphasizes the importance of acid formation in the
media. He joes to the extreme in this direction in that he separates
species in the genus on the basi3 of slight differences in reaction
with sugars alone. Ashford ( f 15d) criticizes Castellani and doubts
the value of the use of sugar media alone. He recognizes the value
of such media, however, "but insists that the results are to be used
only in connection with other dif f erenating characters. Castellani 's
results should be confirmed by other investigators or a more detailed
account of the methods employed by him should be given before his
conclusions are accepted. Geiger ('10) has shown that in various
sugar media during the course of three months, with different
yeasts there may be a decrease , then an increase in acidity, or an
increase followed by a decrease or a steady increase or decrease.
Recording the length of time the cultures are grown and the tempera-
ture at which they are inoculated is of great importance.
The sugars selected in the present study after a series of
preliminary experiments were dextrose, sucrose, lactose, maltose,
galactose, levulose and raffinose. Dextrine was used for studies in
acid production and other cultural characters. None of the yeasts
investigated produced gas with either lactose or raffinose, but the
former was included because it has been generally used by other
investigators and the latter because it is a t ri saccharid . The
importance of using very pure sugars cannot be over emphasized, and
the lack of this precaution undoubtedly accounts for the many posi-
tive results reported by some investigators for sugars that are not
ordinarily fermented.
Fermentation tubes of the Smith type were used in all cases
to determine the presence or absence of gas production. The Durham
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tube-wi thi n-a-tube method was tried but proved unsatisfactory. In
the determination of acidity a 200 cc. flask with 100 cc. of medium
was used. The cotton plugs in the flasks were covered with waxed
paper held by a rubber band in order to prevent excessive evapora-
tion. The large amount of medium was necessary to allow for the
three or four series of titrations made. The formation of rings,
films and other cultural characters could also be better studied in
flask s
.
The basic substance employed in the sugar medium may have an
important bearing on the nature of the reaction obtained. Since
yeast water forms an ideal medium for the growth of all yeasts
studied, and since it has been very commonly employed by Will and
others working on this group of asporogenic yeasts, it was thought
best to employ it as the main basic solution. The results obtained
from the use of this medium were not different in most respects from
those obtained by the use of "nutrient broth" as the basic substance,
except in the acidity tests. It is important that some standard
solution be selected for the use of all investigators such as is
employed by all bacteriologists. The bacteriological media are not
entirely satisfactory and are more complex than is necessary for the
cultivation of the yeast-like organisms. Since the yeast water solu-
tion is very easily made and the material used in its composition is
generally available, it is recommended that it be made the standard
for future investigations on this group.
A half-pound of Flei shmann ' s compressed yeast was boiled with
two liters of water for one-half hour. The solution was then allowed
to stand for several hours until the yeast cells had settled to the
bottom. The supernatant liquid was then decanted and filtered. The

34
remaining material was then poured on the filter and as much of it
as would pass through the filter was saved. Some care is necessary
in order to secure a fairly clear solution. The yeast water usually
gives a reaction near +1 with pheno lphthalei n and since this acidity
is favorable for the development of the yeasts, correction was not
made. In titrating, the exact reaction of a control flask was alway
determined, thus the original acidity was not important. The
desired sugar {2%) is then added.
That no sugar was present in the yeast-water was determined by
tests with Fehling's solution and by use of the yeast-wat er alone in
fermentation tests. The solutions were sterilized by discontinuous
process and a final test of sterility was made. This precaution is
necessary since in preliminary trials errors were made due to fail-
ure to make these tests.
The yeasts used for inoculation v/ere taken from young cultures
or. dextrose agar slants. The tubes and flasks were run in duplicate
with a control set uninoculat ed . Another set of yeast-water alone
was inoculated with the same organisms. One series was kept at
35-36° and another at 25-27°. Before recording the results with any
yeasts, several trials were made in order to eliminate chance varia-
tion.
The variations in fermentation of sugars recorded by Ashford
in the case of his sprue organism were not met with when vigorous
young cultures were used. On several occasions when cultures of
different ages were taken at random, variation was noted. The cause
of this variation was not determined, but there is no doubt but
that it does occur and should be guarded against.
Litmus mi lk .- This medium is very useful for separating the

yeasts into three distinct groups, (l) those which render the milk
more alkaline, (2) those v/hich produce no marked change, and (3)
those which produce acidity. No yeast studied coagulated milk with-
in two weeks and very few produced acidity. Practically all the
forms isolated from feces belonged to the first two groups. By
acidifying the litmus until it has a strong violet color the change
to the alkaline condition is very marked. The tubes were incubated
at 25-27° and 55-36° and were observed at frequent intervals.
Gelatin media .- Gelatin-stab cultures are especially useful
in determining whether or not the yeast studied produces elongated
cells. Yeast -wat er , beerwort and nutrient broth gelatins were most
commonly employed. The beerv/ort gelatin is most satisfactory for
growing giant colonies since it is easily prepared. The stab cul-
tures are most satisfactorily observed in yeast-water gelatin since
gas-forming yeasts produce bubbles in beerwort gelatin and break
up the media. The type of growth in gelatin depends to a certain
extent on the consistency of the medium and care should be taken to
secure a firm gelatin.
A few of the yeasts studied liquified gelatin while the great
majority did not. There was a decided variation in several species
which were at one time liquifying at another not. Such variations
may account for the difference in the description given of Oi dium
albi cans by several authors. Frequently old cultures were found to
begin liquefaction after they were left several weeks undisturbed.
Such liquefaction is probably not due to the activity of the living
cells and should not be regarded as true what is ordinarily spoken
of as liquefaction.
Three general types of growth in gelatin are observed among
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the white, non-liquifyi ng group. In the first there is a more or
less uniform, straight, white line following the needle puncture.
This is filiform at first but may later become decidedly nodose.
Practically all yeasts take this form during the first few days and
then pas3 over into one of the two types described below. The second
type has a villous form of growth. Within this type there is a wide
variation from forms with individual filaments extending outward at
right angles from the axis, like the bristles on a brush, to those
having branched bushy filaments. The villous condition may develop
very early as in certain Mycoderma types, or it may not appear until
the culture is a week old. The denseneso of the radiating hyphae
,
their length and degree of branching is usually characteristic. Under
the hand-lens these radiating threads often appear moniliform due to
the groups of buds at the ends of the cells of the hyphae. The third
type is really a modification of the second, but on account of its
importance in distinguishing forms of the Oidium albicans type.it
is described separately. At first the growth is filiform, later
becoming somewhat nodose. In about five or six days after inoculation
there appear radiating hyphal elements near the surface of the medium.
These may extend tc a depth of one-half inch below the surface or
may not appear at all. Later from scattered points along the nodose
line, very fine, individual bushy growths appear. There may be only
four or five of these along the entire puncture or they may be so
close together that the culture approaches the second type of growth.
Occasionally some cultures do not develop these at all. For this
reason several cultures were usually made at one time. In other
cases instead of the bushy growth appearing, there were developed
a number of root-like radiations resembling the secondary roots

37
arising from the tap root. To this group belong Oidium albicans ,
the sprue organism and one or two others which will be described
later. Plaut ('03) figures a typical growth of this kind on page
583 of Vol. 1 of Kolle and Wasserman's "Handbuch". In the study of
the white and golden types previously described fifty-two cultures
were tested in gelatin stabs. Of these thirty showed a villous
growth while twenty-two were nodose or echinulate. In a study of
twenty-two named, cultural yeasts eleven produced a villous growth
while the same number did not.
In some gelatin cultures a flourescence appeared after ten days
to two weeks. This is not a constant character although it did
appear most frequently in cultures of three or four species and
never appeared in other species. The absence of a villous growth
is not a sure indication that elongated cells are not formed for
frequently the nodose cultures were found to contain a f ew cells of
this type, although they were never so pronounced as in those cul-
tures showing the villous type of growth.
Sugar-free media .- Aside from milk, the sugar-free media were
used as checks for the same type of media containing sugar. Pell-
icles, rings, and grease films are produced in these media much as
in the sugar containing ones.
Pellicles
,
rings and grease films .- a few characteristic
cultural developments in liquid media need consideration at this
point. A grey, dry pellicle containing air is formed within two
days in the case of the "Mycoderma" species. This pellicle is very
characteristic and is easily distinguished from the type to be
described next. It resembles the pellicle produced by Bacillus
subtilis in bouillon culture. With some yeasts a gradual accumula-
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tion of cells on the surface forms a thick, white layer which is
moist and easily dislodged. This is usually developed only after
several days of growth and if the tubes are disturbed at intervals,
it does not appear. In the case of Oidium albi cans and the sprue
organism, this type of growth is present and very characteristic.
With certain species a growth of cells takes place at the
surface of the medium where it is in contact with the glass, ^his
soon results in a distinct white ring which frequently becomes
dislodged, when the tube or flask is disturbed, and sinks to the
bottom where it still retains its original form. This ring is
most distinctive at the end of two or three days, since species
which do not form a distinct ring often give this appearance in
older cultures, due to the accumulation of cells as the liquid
evaporat es
.
By a grease f i lm is meant a "scum" which is thin and transpar-
ent. It resembles a fine covering of oil in the surface and may be
seen at the end of a day or two only by holding the flask or tube
in such a way as to allow the light to reflect from the surface.
Tilting the flask serves to render this more distinct since the
film remains attached to the glass and shows a distinct greyish
layer above the medium. In dextrine yeast-water this scum approach-
es a pellicle in consistency and can be very clearly seen at the
end of three or four days.
Turbidity and sedimentation are not distinctive characters in
the yeast cultures although some yeasts form a very clear solution
after a week of growth as contrasted with the rather turbid condi-
tion in other cultures.
Solid media.- Streak cultures on agar, carrots and gelatin
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are useful mainly in distinguishing yeasts of different colom or
shades of color, and such gross types of growth as those mentioned
earlier. They are of limited value, however, for the differenta-
tion of species on account of the sudden and inexplicable variations
which they undergo. All the pink yeasts studied retained their
characteristic growths on agar and carrot slants under all condition?.
Giant colonies .- The employment of giant colonies for speci-
fic differentiation has been emphasized by Lindner ('05), Will,
Geiger and others. The chief advantage of giant colonies lies in
the ease with which they can be photographed and thus serve as
comparative charts. The method of developing the giant colonies is
c . c .
simple. A two-hundred AErlenmey er flask is filled to a depth of 1.5
cm. with a 12% beerwort gelatin. A drop from a fresh beerwort cul-
ture of the organism is placed in the center of the gelatin. The
colony is allowed to develop for three weeks or longer and is then
photographed. Geiger ('10), recommends the employment of potato and
sauerkraut gelatin in addition to the beerwort gelatin. The types
of giant colonies produced are fairly constant according to the
authors mentioned above. In the present investigation, a slightly
different method was employed. In addition to beerwort gelatin,
dextrose agar (2% agar with 2% dextrose and an acidity of 4-1) was
used and petri dishes of a uniform depth and diameter were substi-
tuted for the flasks. Exactly the same amount of medium was placed
in each dish and cultural conditions were kept uniform.
IV. Speci al Study of Twenty Represent ative
Yeast s
The large number of cultures obtained rendered an intensive
study of the entire number impracticable. Mo reover ,. th e primary
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object of the investigation was to work out a scheme by which these
yea3t-like organisms could be classified in future investigations
rather than to make a detailed study of all organisms isolated from
the intestinal tract. In order to test the usefulness of the plan
proposed, a more intensive study of twenty cultures was made. These
were all of the "White" type except Saccharomy ces homi ni s which
gives a slimy, yellowish growth on agar slants. Most of these were
also of the white glistening type since it was desired to undertake
the separation of species which resembled each other closely in
gross characters. Several named species were also included in this
study to serve as "controls". An outline of the procedure used is
given below. The tables which follow are not arranged in the order
of this outline, but are given in the form which was found most
convenient in summarizing the results of all the experiments.
Out line of Procedure
I . Morphology
1. In young cultures of solid and liquid media
2. In old cultures " " " "
3. In hanging drop cultures
4. Asco spore formation
II. Cultural Characters
1. Gelatin stab cultures
2. On agar and carrot slants
3. In liquid media aside from milk
a. pellicle, ring and grease-film formation
4. Giant colonies on beerwort gelatin and dextrose
agar .
III. Physiology (Biochemical properties)
1. Carbohydrate reactions, fermentation and acid
reactions
.
2. Litmus milk reactions
3. Gelatin (Included in cultural studies)
In Table III there is given a summary of the chief cultural
and physiological characters of the organisms together with the
sources of the cultures. The numbers and letters to the left are
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used in subsequent tables and need 3ome explai nat io n . Culture
No. 2.5 was isolated from a case diagnosed as sprue and has been
treated in sone detail earlier in this article. The culture was
sent to Dr. Ashforcr who stated that it was the same as his sprue
organism. Culture D is a typical sprue organism received from Dr.
Ashford and is included for comparison. The next fourteen cultures
were isolated from normal individuals with the exception of No. 158,
which was from the case discussed previously in which repeated isola
tions were made from a woman of advanced age who died during the
course of the experiment. The Oi dium albi can s culture was secured
from St. Thomas's Hospital, London, through the kindness of Dr. H.D.
Singer of Kankakee. It was isolated from the mouth of a child who
was suffering from thrush. The other named cultures were obtained
from the "Cent ralst elle fur Pi lzkultur en"
,
Amsterdam, Holland.
Saccharomyces homini
s
Busse is supposed to be a sub-culture of
Busse's ('95) original organism. Guilliermond states, however, that
this organism is supposed to ferment dextrose and not liquify gela-
tin, neither of which reactions agrees with the results given in the
table. Sac charomyc es ellipsoideus is probably a composite species.
The data under the head of "type" give merely the type of growth
of young agar slants. Under "gelatin" is included a rough division
into the three types outlined earlier. The reactions with sugars
are based, in each case, on a number of trials. On the basis of the
fermentation of sugars alone, the twenty species can be separated
into the following groups:
1. Letter dated October 18, 1916.
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Group I. Those not fermenting sugars 11.5, 9.1, 128,
215, 172, 138, 137,
S. homini
3
, 141.2
Group II. Those fermenting all except
lactose - 158, 152, 229
M. Candida
s. ellipsoideua
Group III. Those fermenting dextrose,
maltose and levulose but
not sucrose, galactose
nor lactose
Group IV. Those fermenting dextrose and
levulose only
2.5.D. . albi -
cans , 147
141.1, 170
Group V. Those fermenting dextrose,
sucrose, maltose and levu-
lose but not galactose nor
lactose 17-G-
It has been found, as previously mentioned, that there is some
variation in the reactions toward sugars. This is especially true
of the members of the third group; sucrose and galactose are ferment-
ed at times by these organisms and at other times not.
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TABLE III
Important Cultural and Physiolog ical Charact eri gt l ca
of Twenty Sp e c i e 3 Summarized
No . Source Type 3el
.
Mi lk Dex
.
Sue . Malt .
jLev
.
Gal. Lac .
2.5 Sp ru e 7.sc alk + +• +
D
.
Ashf rd
Sp rue f • 8 . Llk + -1-
11.5 7eces W.d F *— — — — — —
9. .1 N W.s F — — ——
128 tl W.i V "
158 II W.g V alk + + + —
14 LI H W.d V 4- — + — —
152 II W.c V alk + + + + —
147 11 ».« V alk -1- — + + — —
137 II W.R F — — — — —— —
14 L2 N W.s Vs alks — — — — — —
215 11 F — — — — — -
138 11 V alk — —
*
—
*
— —
—
229 11 W.st V alk + —
*
170 11 F
vs
alk
172 M Ex . F
vs
alk
.a
1 Cultu- W.g. V.sc alk + +
I.c
ral
11
r.g V alk + + + +
S . e 11 F -+- + +
S.h 11 r.si L
1. O.a. s Oidium albicans , M.c. = Ivlpnilia Candida , S.e r =
Saccharaomyces ellipscid eus , S.h, = Saccharomy ces hoainis .
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(Table III continued)
Types. W. = white, Y. = yellowish, d.=. dull, s.r, scant growth,
i. = intermediate, si. - slimy, Ex. - excrescent, (a
peculiar dull lumpy growth.)
Gelatin F. = filiform, later nodose, L. - liquefaction, V. z villou
s. s scant, sc. ». scattered.
Milk. alk * alkaline, = no change, s - slight, vs - very slight
Sugar solutions .
-f =gas , — =no gas, s = slight.
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Production of Acidity and Alkalinity in Liquid Media
Table IV gives the results of the titrations of several carbo-
hydrate media. These results represent the total acidity or alkalin-
ity at the end of the periods indicated in the table. The tests as
here recorded are intended mainly to indicate whether the organism
concerned renders the medium decidedly alkaline or acid after a
period of growth.
It is unfortunate that those who have used the reactions v/ith
carbohydrate media for specific separation in the yeasts have not
used more care in recording their results. Usually the descriptions
of the methods employed are entirely lacking and the results are
recorded in a table as positive or negative without indicating the
length of time after inoculation when the tests were made or the
total amount of acid produced. The basic substance employed in mak-
ing the carbohydrate media and the initial acidity are not given in
most cases.
Will and Geiger have been more careful in this respect and their
results show that the time at which the titrations are made is very
important. It seems strange that Castellani should find acid devel-
oped in most of his carbohydrate media with a large number of his
Monilia species while a decided alkaline reaction in milk is recorded
for these same species.
In order to make a more careful study of the changes in acidity
during the first month of growth in liquid media six of the twenty
organisms selected were grown in flasks of yeast -water alone and also
with the carbohydrates added. These were tested at three periods as
indicated in Table V.
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Table IV
Showing the change in acid reaction brought about by twenty
cultures incubated at 35 degree3 for six days.
Culture No . Raff i no se Lac to 3e Dext ro se
2.501 -2.5 1 -2. 5 1 O.O 1
D
.
-5.0 -5.0 -4.5
11.5 -1.0 -1.0 2.0
9.1 0.0 1.0 1.0
128 -5.0 -6.0 -0.5
158 -5.0 -6.5 -3.0
141.1 -2.5 -3.5 -4.0
152 -5.5 -4.5 -5.5
147 -3.C -2.5 -2.0
137 -2.5 0.0 1.0
141.2 ? -0.5 1.0
215 1.0 .
5
0.0
138 -4
.
5
. -2.5
229 0.0 -5.5 -4
.
170 0.0 . 2 .
172 0.0 0.0 -2.0
Oidium
alb i cans -5.5 -4.5 -5.0
Moni lia
Candida -4.5 -5.5 -6.0
Sac charomyces
ellipsoideus 0.0 1.0 3.0
Saccharoray
c
homi ni s
[
1.0 1.0 3.0
1. The results are given in terras of the number of cubic
centimeters of n/10 NaOK required to neutralize 100 cc . of the cul-
ture solution assuming the original reaction to be exactly neutral.
If there was a loss of acidity it is expressed by the negative sign.
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The original acidity of the yeast water was near +1 to phenol-
phthalein. Uni noculat ed flasks were always incubated with the others
and titrated at the ends of the periods as in the case of the inocu-
lated ones. This precaution was used in order to show that the
little evaporation which occurred did not have a decided effect on
the results and to give a large number of check titrations of the
original media. The titrations were made against n/20 ITaOH using
phenolphthalein as an indicator. The results are expressed in the
number of cubic centimeters of n/lO ITaOH it would require to neutral-
ize the acid produced in 100 cc. of the medium. If the acidity
decreased instead of increased it is expressed by a negative sign,
in other words it would take this amount of n/10 HC1 to neutralize
the alkali in 100 cc. of the medium. Five cubic centimeter portions
were withdrawn by means of sterile pipettes and the average of two
titrations was taken in all cases except at the end of the final
oeriod when three titrations were made from each flask.

Name 01
Number
2.5
215. 15
170. lj
158.3
152.1
. alb
Check
Name oi
Number
2.5
215.13
170.1
158.3
152.1
. albi c
Check
1.
c ent imet e
culture s
tral. If
tive sign
+-.95 but i
Table V
Reaction of Yeasts on sugar media at 35° C.
Name n r
Number
Yeast-wat er Lac t o se Sucro se Dext rine
5
d ay s
2
wlc s
5
wlc s
5
day s
2
wk s
5
wk s
5
d ay s
2
wk s
5
wks
5
fi a v ^.....
2
VTA. O
5
WxC S
5
ra \r o
2
wlc s
5
wk s
2.5 -6 .0 1 -5.5 -5.5
. -8.0 -7.5 5.0 -2.5 -3.5 -6.0 -7.0 -7.5 - 7 5
215. 13 -2.5 -2.0 -4
. 2 . 4 . 5 7 .0 - C . 5 5.5 1.0 -1 . 5 1 . 5 -1.5 -3.5 -2.5 -1.5
170.
1
-2.0 -4.0 -4
. 2 . .
5
1 . -2.5 0.5 0.5 -1.0 -3.5 -1.5 -4.5 -4.0 -1.5
158.3 -6.5 -6.0
-4.0 -3.5 -5.5 -5.5 -7.0 -5.0 4.5 -4.5 -4.5 -4.5 -11 .5 -9.0 -10.0
152.1 -4.5 -7.0 -5.5 -2.0 -5.5 -7.0 -7.0 - 5.0 4.0 -6.0 -6.0 -6.5 -10.0 -9.0 -10.0
. albi ca is-8.5 -6.5 -7.5 -3.0 -5.0 -6.0 -7.5 -4.5 3.5 -0.5 -3.0 -7.0 -11 .0 -8.5 -8.5
Check 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ! 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Reaction of Yeajeta on sugar media at 25° C.
Name or
Number
Yeast-wat er Dextro se Lacto se Sucro se Dext ri ne
5
days
2
wk s
5
wks
5
days
2
wks
5
wks
5
days
2
wk 3
5
wks
5
days
2
wks
5
wk s
5
days
2
wks
5
wk s
2.5 -7.5 1 -10.0 -7.0 r7.0 -7.0 -8.0 -6.5 -6.5 -6.5 -8.0 -6.0 -6.5 -9.5 -11 .5 -8.5
215.13 -3.5 -5.5 -7.0 1.0 2.0 0.5 -4.0 -4.0 -2.0 -3.0 1.0 5.5 -5.0 - 7.0 -7.0
170.1 0.0 - 4.0 -6.0 2.0 0.0 1.0 -5.0 -5.0 -3.0 -5.0 -6.0 -5.0 -5.0 - 5.5 -5.0
158.3 -7.0 - 5.5 -5.5 -2.5 -7.5 -7.5 -7.5 -5.5 -5.5 - r . 5 -6.5 -7.5 -11.5 -10. 5 -11.5
152.1 -6.0 - 8.0 -7.5 -3.0 -5.5
-7.0 -7.5 -6.5 -6.0 -6.5 -6.5 -9.5 -8.5 -11.0 -11.0
. albi cans -7.C -10.0 -7.0 -6.5 -6.5 -8.5 -7.0 -9.5 -7.0 -7.5 -5.5 -4.5 -11 .5 - 7.0 -9.5
Check 0.0 0.0 0.0 0.0 0.0 0.0 0.0
i
0.0 0.0 0.0 -0 ,C 0.0 0.0 0.0 0.0
1. The results are given in terms of the number of cubic
centimeters of n/10 NaOH required to neutralize 100 cc. of the
culture solution assuming the original reaction to be exactly neu-
tral. If there was a loss of acidity it is expressed by the nega-
tive sign before the number. The check had an initial acidity of
+••95 but is recorded as in order to compare with the other cultures.
^ l dUlc v conn nu e ci
;
Dor T ft fi lJdJUC 0,1
I
. 11 n
.
158. 11 alk .
2 . 11 ii . fS" q T "i f» *i aU« dl U 1 C dllo axK .
axK
. S . path . FT alk .
105 11 dXK. .
4 hq ii pu civaxK .
119 1 1 ^X X 7 • XX ci -Lis. • q ii rco • x> . aiK •
u 1 >dlA • i • ifio no 5 a n
.
11 701XX* f \J X al& • 1 • IlU.ill Id AA
1 fifi 1 ? nil. ^ Vl r*\ m i vo i no • xi o mi nl s axx . sx .
1 38 11luU « XX d.Xl\ . My C • X dC IIS n
1 39 31 axtc
«
T\/Tft -5 T t »-* *—
«
wio ni x l a a
.
n
2?9 1
1
alA • lVljf t< . ( o n
.
1 5P 11J.w6 ill alK . o . exxip s . n
158 31 a 1 V po . giui i ni s a 1 V
138 1 ? Q 1 ValK • 1 U 1 U la O «J l\ .
alK . *P T»l 1 V\ Y* Q 21 • lUUXa axx .
234 1 1 a 1 VdXH • o • tcl "Vi. oca n •
147 1 3 alt q Pa n t* ii •
Tl
x_/ • a 1 VdlA . islO iil 11a ; 3 1 VdlK .
1 39 11iu3 • XX ax.cc
.
o . cLX U H o alA •
axic • o • ano in . axK .
IPO IP1C u • x<c oil. . 7XVL • ullilU 111 1 axK •
11 UX axic m . c anui ua axK .
141 PIIt X . £ X aiJs
.
11 .111 alk .
231.11 alk
.
2. 501 alk .

TABLE V
Reaction in Litmus Milk of Ninety- six Yea3ts
20 days
Name or No
.
React ion 1 Name or No. Reactio n
62 alk . 144. 12 2 alk .
27 alk . 11 .131 alk .
2.6 n . 156. II 2 n
.
161.11 n
.
11 .301 alk .
141.12 n. 2. 502 alk
.
172.11 n 215.11 alk . si .
32a n 166. II 2 alk .
2.21 n 133. 12 2 alk . si
.
128.11 n 154 .ll 2 alk .
138.11 alk . 15.11 alk .
11.501 n 10.41 alk. si.
137 .11 n 215.12 alk. si.
251 .11 alk . si. 191.11 n.
17011 n. 41 n.
1.13 n. 42 d . c . si
118.11 n. 147.12 alk .
129.11 n 215.13 n. ( si . alk . )
146.11 A. si. B n
.
9.1 n. 5.101 n.
167 .11 n. 32.11 n.
11.401 n 61 n.
139 .21 n 163. II 2 alk .
141.11 n 146 .12 2 alk .
192.11 n 51 2 alk. 1

(Table 7 continued)
Alk. Alkaline, N - Neutral, no change, A - Acid, SI. - alight,
-degree of change, d.c. -decoloration.
2
Pi nk yeast s .
3. - Oidium
4. 3 - Sac charomyces , 4a. F - Fou3erton, 4"b . C - Curtis
C. B - Binot
5. T - Torula
6. Ityc . - Mycoderma
7. Monilia Simonii. This name is used for convenience only
and does not signify that this species is named from a
botanical standpoint.
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IV. Compari son of Yeast 3 I so lat ed from the Dig eat i vc
Tract wi th Pet errni ned Pathor;eni c and Non- pat hogeni c Speci es
The question naturally arises whether the yeasts isolated from
the digestive tract are similar to, or identical with, those asso-
ciated with disease. The present investigation did not include
extensive studies of pathogenic species but a number of these were
secured and used for comparison, not only with the intestinal yeasts
but also with those secured from other sources. Saccharomyces hom-
inis
,
Torula humicola
,
Blastomyc es dermat it i s , Qidium albi cans
,
Tor-
ula rubra , Monilia X of Ashford, Simon's ('16), Binot's ( ' 03 ) , Cur-
tis' ('95), and Foul\erton's ('99) pathogenic yeasts were those most
carefully studied. The non-pathogenic ,det ermined yeasts used are
given in Table II
.
The pathogenic yea3ts most nearly resembling the intestinal
fungi isolated were Qidium albi c ans , Monilia X of Ashford, and
Simon's species. Ashford 's Monilia has many characters in common
with Qidium albi cans and considering the wide variation in cultural
and biochemical characters which this species apparently undergoes
it is questionable whether the fungus associated with sprue is a
distinct species. Ashford ('15c) writes that his organism is not
1. The specimen of Qidium albi c ans used in this dtudy was
obtained from the St. Thomas Hospital in London and was stated to be
a typical culture from the tongue of a child suffering from an un-
doubted case of thrush. (Letter from Dr. Frank Babtree dated March
3, 1917.) This form does not liquify gelatin readily nor does it
clot milk. Castellani ('16) describes seven "forms" of this species
none of which liquify gelatin while six of them clot milk. He states
that the name "Moni li a albi can s " should be reserved for the form
which clots milk and liquifies gelatin. He regards these forms as
being different species, although he does not name them, and is of
the opinion that there is a plurality of species causing thrush.
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"Moni lia albicans " but does not state the gruunds on which he bases
his assertion. My culture No. 2.5, isolated from a case of diag-
nosed as sprue, is the same as Ashford's "Monilia X." "fhis was the
only culture in the entire number isolated which closely armroached
Ashford's sprue organism, with the exception of culture No. 147.103
which gave the same reactions in sugar media but differed in its
morphological characters and type of giant colony formed. In general
however, the type of growth produced by the sprue organism resembles
a large number of the yeasts studied in that it forms a white,
glistening, firm surface which remains moist, heaped and chalk-white.
The pathogenic yeast of Simon also has many characters in com-
mon with the sprue and thrush organisms. It forms the same type of
surface growth and produces similar reactions in sugar media, as well
as the peculiar villous growth in gelatin stab culture. It was re-
ceived too late in this investigation to make a complete study of all
its biochemical characters.
"Blastomyces dermatiti s " is decidedly different in most of its
characters from any of the yeasts isolated as well as from the other
pathogenic yeasts. The production of a dry, fluffy, aerial mycelium,
commonly formed in old cultures of this organism, is a character not
possessed by any of the yeast-like organisms under consideration.
There is also a marked tendency of this fungus to grow beneath the
surface of the agar slant forming a tough, leathery, mycelial layer
from which arise tufts of hyphae
,
strongly resembling Indian wig-
wams. The budding condition is not predominant in this fungus and,
as stated later, it is not to be considered as a yeast.
The remaining pathogenic yeasts mentioned above differ from
those isolated from the intestinal tract in their cultural characters
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especially. While the majority of the intestinal species form a
distinctly chalk-white growth on agar slants which becomes only
slightly darker with age, Saccharomyces ho mi nl
a
,
Torula humicola
,
and the pathogenic yeasts of Curtis, Foulerton and Binot develop
more or less slimy growths which become brown, yellowish-brown or
ash-grey in color. There are also marked morphological distinctions
between these species and those of the intestinal tract.
A comparison of the non-pathogenic yeasts listed in Table II
with these from the intestinal tract demonstrates that these two
groups have many characters in common. The chalk-white streak on
agar slants is commonly developed by a number of species in both
groups, while the spreading "Mycoderma" type of growth occurs in a
number of the intestinal species as well as in the true Myco derma
species studied. Many of the red yeasts from the intestinal tract
were indistinguishable from Saccharmyces glutinis and Torula rubra
in gross characters. However, it was not possible to demonstrate
that any of the species isolated were identical with Saccharomyc es
cerevi siae
, S. ellipsoideus . and other culture yeasts. Several of
the isolated species e.g. No. 152 and 158.3, were very similar in
their biochemical properties to Moni lia Candida .
A number of wild yeasts were also isolated from the air and
from decaying fruits and vegetables. These were even more closely
related to the intestinal organisms than were the non-pathogenic
yeasts listed in the table. In the light of the feeding experiments
described later, it is certain that these yeasts when ingested with
the food will pass through the alimentary tract in a living condition
and may be isolated from the feces. It is probable, therefore, that
the majority of the yeasts isolated in this investigation are these
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"wild" species so common in nature. That there is no one yeast
species common to the intestinal tract of man is demonstrated by the
fact that the majority of the numerous cultures isolated showed,
from even a superficial study, that they were of distinct species.
It is interesting to know, in this connection, that Saccharomycopsi _s
gut tulatus is constantly found in the intestinal tract of rabbits.
This species was not met with in the course of the present investiga-
tion and is certainly not common in the intestinal tract of man.
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Discussion of results:- The results given in Tables IV and V
are evidence that the reactions brought about by the intestinal
yeasts are variable, not only among different species but in the
same species with different carbohydrates. It is also evident that
titrations made at different times during the course of the growth
show variations in the same species. The temperature at which the
cultures are kept also has an influence on the degree of acidity.
That the change in acidity is not due primarily to the carbohydrate
present is evidenced by the fact that the yeast-water without the
addition of carbohydrates gave similar results to the yeast-water
carbohydrate media. The addition of certain carbohydrates tend,
however, to vary the degree of acidity, as shown, for example, by
the extreme alkalinity of dextrine solutions.
In general, when yeast-water with an initial acidity of-fl is
used with or without carbohydrates there is a decided decrease with
some species while others show no marked change in the final re-
action in acidity. In spite of the wide variations in results due
to these various conditions, there are certain constant differences
between species which are useful in specific characterization. It
will be seen from Table V, that Oidiura alb
i
cans is a species which
decreases the acidity of the media in every case. It is also evident
No .
that the reactions of culture A 2.5 are of the same general character
as those of Oi dium alb i cans . On the other hand, cultures No. 170
and 215.13 do not bring about a decided decrease in acidity in any
of the media. These results are constant throughout the entire
range of media and under both conditions of temperature.
The necessity of stating the period of time the culture has
been growing before the test of acidity is made, is emphasized by the
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results obtained after five day 3 with culture It. 2.5 and Oidium alb i-
cans In sucrose and dextrose at 35° the reactions of these are not
different from those of cultures No. 170 and 215.13. If the
cultures are allowed to grow a month, however, the results are differ
ent .
Dextrine yeast-water appears to be an unusually good medium
for differentiating between those species which decrease acidity and
those which produce little change. The differences are very sharp
and take place within a short time, especially when the cultures
are kept at 35° C.
On the whole, the exact determination of changes in acidity
during a period of growth is believed to be of little value on
account of the wide variation within a single species even under
apparently the same cultural conditions. Increase or decrease in
acidity, as revealed by titrations after a week or more of growth,
is of value in differentiating species, in that some species tend to
constantly decrease the acidity while others bring about no decided
change. The initial acidity of the media should be determined and
stated since this has an important influence on the final reaction.
The substances employed in the preparation of the carbohydrate media
should be stated in all cases since the carbohydrates themselves
are not, usually, the cause of the change in acidity although they
nay influence the reaction.
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V . Feedi ag Experiment 3 with Yea3t 8
The most exhaustive feeding experiments with yeasts were those
carried out by Keumayer ('91), referred to in a previous section.
In these experiment s , however, the investigator used only a few
species of yeasts and these were, for the most part, the usual
fermenting forms of commerce. Neumeyer proved that the various
secretions encountered throughout the alimentary tract were either
favorable for the development of the yeasts or neutral in their
influence. Those secretions which were harmful had little influence
on account of the fact that the yeast cells quickly passed beyond
their influence, and the short period during which the cells were in
contact with them was not sufficient for harmful action. He also
i n
observed that the yeasts found in the feces were not^a budding condi-
tion and that many of them were dead. He proved that, while the sum
of the conditions in the digestive tract was not favorable for
development and multiplication of these fungi, they still were able
to survive in comparatively large numbers. The result of his experi-
ments shows that the ordinary fermenting yeasts and wild yeasts found
in beer and grape must, are not harmful when fed alone, but may
cause serious illness when fed with fermentable carbohydrates.
Few other investigators have attempted to prove the pathogeni-
city of yeasts by feeding, seemingly preferring to inject the
organism into the blood stream or into the peritoneal cavity. Ash-
ford ('16), has made a very complete series of experiments on labora-
tory animals with his sprue organism. In his feeding experiments
he found that the fungus is pathogenic only when recently isolated
or after it has passed through some susceptible animal. This may
explain the negative results of others in their injection experi-
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ment 8
.
In order to confirm and extend the results obtained by Neu-
mayer and Ashford, and especially to gain more insight into the fate
of the invested yeasts, a number of experiments were undertaken with
the yeasts previously isolated or with certain commercial yeasts
having well defined characters.
The yeasts selected were those having some distinctive character
so that they could be quickly recognized when reisolated from the
feces. The following species were used:
1. S. glutini s (red)
2. No . 51 (red and forming a peculiar wrinkled colony)
3. S_. anomalus (distinctive ascospores)
4. No . 11 .5 [produces ascosnores of a peculiar type and
has a distinctive growth)
5. D. (a culture of Dr. Ashford's sprue organism)
A number of other species were used but since the results do
not differ in any way from those here obtained, they are not in-
cluded. The methods used and the results obtained for the first
four organisms given above were identical and will be discussed to-
gether. The yeasts were grown on an agar slant for several days
and then a mass about the size of a grain of corn was swallowed.
Cultures were always ingested within a few hours after the passage
of stools and in most cases the first sample of feces was obtained
within thirty hours. Samples also v/ere taken from stools just pre-
vious to feeding, and plates were made from these in order to ex-
clude the possibility of any species being present in sufficient
quantity to interfere with the experiment. Since the individual
used had been previously tested a number of times for other isola-
tions, it was known that few yeasts v/ere normally present in his
feces
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Ten plates were made from ten different portions of the stools
in the case of each sample. Subsequent stools during the course of
a week or ten days were tested in the same manner. After feeding
one species, a period of several days was always allowed before the
next feeding, in this way eliminating the possibility of confusing
the two species fed. The tests were made on an individual in good
health and showing a history free from gastro-intestinal troubles
in recent years. No effort was made to control the diet, which
consisted of the normal mixed food of a healthy individual, with a
large amount of carbohydrates.
The first stools following the feeding always contained large
numbers of the particular yeast ingested. All the plates gave
numerous colonies and most of them usually shov/ed over 50^ positive
results, while many developed colonies of the yeast ingested at 100%
of the points of contact. The yeasts seemed to be fairly evenly
distributed throughout the stools, although microscopical examina-
tion shov/ed them more abundant in some mounts than others. Under
the microscope the majority of the cells were seen to be of a faint
yellow color and few of them were budding. They did not appear to
be in an active growing condition, but most of them seemed to be
living. A careful examination of the plates was always made to
discover, if possible, foreign types of yeasts. In several cases
when pink yeasts were fed, three or four white colonies in the
entire ten plates appeared, and the reverse was true when white
yeasts were ingested. This result was to be expected in the light
of the previous experiments on this individual.
In two out of the first four experiments, the plates taken
from the second stools, i.e. about twenty-four hours later, showed

58
a few scattered colonies of the 3ame species that was ingested. In
subsequent stools no trace of the original yeast could be found.
The fact that the yeasts were found distributed fairly evenly
throughout the stools is explainable only on the grounds that the
ingestion of the organisms so soon after the passage of the previous
stools permitted a mixture of the cells with the food in the stomach
It is probable that the yeasts are able to multiply in the stomach,
due to the favorable acid condition and the lack of harmful secre-
tions. They are then passed on with the food and from this point
probably do not find conditions conducive to rapid multiplication.
The absence of these yeasts in subsequent stools indicates that they
pass along with the food, and that the few which do remain in the
stomach or intestines are not able to multiply to any great extent
before they are finally passed out in subsequent stools. The fact
that they are not able to establish a foothold anywhere along the
way, is of fundamental importance, since the rich carbohydrate food
which passes through the digestive tract would give them an opportu-
nity to produce harmful products within the body.
The individual to whom these various species were fed, suffered
no inconvenience during the course of the experiments, when yeasts
with power of active fermentation were fed, as for example, Saccharo
myces ellipsoideus
,
there sometimes resulted a slight "full" feel-
ing a few hours later, but this was not of long duration, and appa-
rently no large amount of gas was developed either in the stomach
or the intestines.
A more detailed account of the feeding experiment with the
sprue organism from Dr. Ashford is necessary. This culture was
pronounced a typical sprue organism by Dr. Ashford and agreed fully
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with his description of the typical sprue yea3t . On the basis of
hi3 results with laboratory animals, he expresses the opinion that
the virulence of the yeast is lost after being on laboratory media
for some time, and this virulence can be regained only by passing
the culture through some susceptible animal. Since my culture had
been on laboratory media for some months and had presumably, to a
large degree, lost its virulence, it was decided to test its period
of life in the digestive tract of the individual previously fed
with the other culture yeasts. Therefore, a mass of about one gram
was taken from the surface of an agar slant and ingested without
other food. This feeding took place a few minutes after the passage
of stools which were saved and tested, with negative results. No
pain was felt during the first day after feeding, and no intestinal
disturbance was noticed. Unfortunately, there was no passage of
stools for over forty-eight hours, and some of the symptoms sub-
sequently described may have been due to the constipated condition
of the individual. The first stools secured were very hard and
lumpy. The results of plating were the same as in other feeding
experiments, except that the first inch of the feces gave entirely
negative results.
After the first forty-eight hours considerable discomfort to
the individual resulted. An "uneasy" feeling in the intestines
with pain in the region of the stomach and "heartburn" were noticed.
However, at no time was there excessive gas in the stomach or
intestines, and no tendency toward a diarrheal condition. The
next passage of stools was also delayed, occurring thirty- six hours
after the first. This was plated and gave a large percentage of
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the type ingested. There were several colonies of pink yeasts in
the plates from the first stools but none in those of the second,
co loni es
Peni ci IliumAin considerable numbers appeared in these plates. All
parts of the second sample gave the sprue organism and the colonies
were evenly distributed. The third passage, twenty-four hours later,
was of normal consistency, although the pains in the region of the
intestines were still acute. Samples from this stool were plated
but the agar was unsatisfactory and no accurate results were obtained
Sufficient colonies appeared, however, on one good plate to indicate
that the organisms were still present. The fourth stool gave a
large percentage of the sprue organism. The number of positive con-
tacts was somewhat reduced in these plates, but several of them
yielded over 50'%. This fourth sample was taken six days after the
ingestion of the yeasts and is the only case in which more than two
successive stools gave colonies of the organism ingested. The next
two stools were not saved on account of the pressure of other work
but the pain in the stomach and intestines disappeared and sub-
sequent stools gave entirely negative results. The rather sudden
disappearance of the yeasts was unexpected and difficult to account
for
.
During the course of this experiment, the tested individual
fed on his normal diet. During this time carbohydrates did not
constitute as large a percentage of the food as normally, but were
not much less than the average individual would use.
The most important conclusion to be drawn from this experiment
is that this yeast differs from all others investigated in that
it was able to remain and seemingly to develop in the alimentary
tract. It is not conceivable that the small number of yeasts fed

61
could continue to give positive results over this long period unless
they did multiply during the time they were in the intestional tract
Unfortunately, no attempt was made to determine whether or not they
were present in the stomach after the first forty-eight hours.
While the other yeasts investigated seemed to pass through the ali-
mentary tract as so much waste food, except for a possible brief
period of multiplication in the stomach, this organism undoubtedly
is able to carry on its normal processes and secure at least a
temporary foothold somewhere in the digestive canal. The mere pres-
ence of active yeasts in the intestinal tract for a long period of
time would, undoubtedly, give rise to harmful by-products, as
maintained by Neumayer . If, in addition to this, they are able to
establish themselves in the mucous membrane as do the thrush and
sprue organism, their presence would lead to serious results.
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VI . The Clas sification of the Bu ddi ng Fungi
The fungi having budding stages in their life cycles are of
three types; (l) Those in which budding is a secondary phase, usually
occurring under unusual or abnormal conditions, or during only a
short period of the life cycle of the organism. The primary phase
consists of a distinct mycelial development. (2) Those in which
budding is the primary phase, occurring under all the usual condi-
tions of growth, but always with mycelial formation, more or less
rudimentary, as a secondary phase. (3) Those in which budding is
the only known method of vegetative multiplication.
The first group includes a number of species from very diverse
orders of fungi. The smuts (Ust i laginales ) commonly produce large
numbers of cells from the primary sporidia by the budding process.
The basidio spores of species of Calocera , Tremella , and many other
basidioraycet es , and the asco spores of certain Ascomycetes, such as
Sphaerulina i nt ermix a , and various species of Taphrina, produce new
cells by budding. Hesler ('16) describes the production of "mic-
roconidia" by budding of the hyphae in Physalo spora Cydoniae and
Alwood ('98) records the occurance of a yeast-like form in cultures
of this same species but does not account for its origin. Mucor
racemo sa when placed in sugar solutions forms budding cells very
similar to yeasts in a budding condition. Demat ium pullulans
produces an extensive mycelium from the filaments of which there
are numerous buds. In some fungi the budding stage is more promin-
ent than in those cited; for example, the organism described by
Gilchrist and Stokes ('95), Ricketts ( , 0l),and others as causing
a serious skin disease and commonly called "Blast omyces dermat it i s "
has an extensive budding phase in its life cycle. Under certain.
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little understood conditions it continues budding for a long period.
Sooner or later, however, it forms a white, fluffy, aerial growth
which sharply distinguishes it from the yea3t-like fungi.
To the second group belong those forms v/hi ch are predominantly
budding. They form a firm, moist growth on solid media and rarely
produce aerial mycelium. Under certain conditions they form
elongated cells which become septate but rarely branch . "Monilia
Candida " and species of Endomyces are examples of this group.
The last group, which includes the strictly budding species,
embraces the greater part of the Saccharomycetaceae , or the spore
forming yeasts, and those commonly placed in the genus Torula by
writers following Hansen's definition of this genus. This and the
second group are subdivided on the basis of whether or not ascos-
pores are known to occur in their life cycles.
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Taxo no mi c Pi ocussion
The position of the asporogenic yeast-like organisms among
the Fungi has not been satisfactorily determined. As will be shown
below, they have been placed in a number of diverse genera under
the different schemes of classification.
The systems of classification of the fungi most generally
followed by mycologists and botanists are those presented by Lindau
in Engler and Prantl's "Die Natu'rli chen Pf lanzenfamili en" and by
Saccardo in his "Sylloge Fungorum". Since the classification of the
Fungi Imperfect i is nractically the same in the two, this system
will be spoken of as Saccardo 's classification. In this system
there are four classes of fungi: Phy corny cet es
,
Ascomycetes, Basidio
mycetes and Fungi Imperfecti, the last class being a provisional one
for the inclusion of all the fungi not having a perfect or sexual
stage or this stage not having been discovered as yet. The endo-
spore forming yeasts are placed in the Ascomycetes under the family
Saccharomycet aceae , while those not forming spores should logically
be placed in the Fungi Imperfecti. The Fungi Imperfecti are divided
into three orders, Sphaerop si dal es (Phomat ales ) , Melanconiales and
Moniliales (Hyphomycet eae ) . The third order includes four families,
Moniliaceae (Mucedineae) Dematiaceae, Stilbaceae and Tuberculari a-
ceae. We are concerned with the first of these families only since
the yeast-like fungi under discussion would be included in this
group on account of their color and simple organization.
Frank ( 1 86 ) has separated the fungi into the following orders,
Ascomycetes, Basidiomycet es
,
Zygomycetes, Phycomycetes and Blasto-
mycetes. He also has a provisional group of the Fungi Imperfecti
but includes all the budding fungi, whether spore forming or not, in
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the order Blast omycet es
.
Vuillemin ('10) has suggested another classification for the
mycoses of animals. He has two orders, the Hyphales and the Sip-
hales, the latter including all the Phycomycet es of the Saccardian
classification. The Hyphales are divided into the Microsiphones
,
Coni di o spores and Thallo spores . The Conidiospo res are those fungi
which form their conidia as distinct fructifications upon more or
less specialized branches of the mycelium (thallus), while the Thall-
ospores are those which form their reproductive bodies directly from
the thallus or mycelium. The latter group he divides into the
Arthromyc et es and Blastomycet es according to whether the spores are
produced as a part of the body of the thallus or by budding of the
cells. The fungi under discussion, therefore, would be placed in
the Blast omyc et es .' It is from the use of these various systems by
different writers that so much confusion has ari sen in the classifica-
tion of the yeast-like organisms.
The last two classifications mentioned place considerable
emphasis on the budding process, although in ^rank's system this is
not the only distinguishing character of the group. Vuillemin,
working with animal pathogenes naturally regarded this as a very
important character.
The writer believes that the importance of the budding process
has not been sufficiently emphasized in the classification of
Saccardo. None of the authors mentioned have laid sufficient stress
upon the essentially unicellular condition in this group.
Since the system of classification of Saccardo is so generally
established, it is thought best to adapt it to the forms under
discussion. It is believed that the family Moniliaceae should
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include a sub-family into which those forms which are essentially
unicellular and budding can be placed and that the description of
the family should be emended to include such a sub-f ami ly. "For the
present, however, they will be placed in the tribe Oosporeae as
defined by Lindau.
The question of the generic position of the asporogenic yeasts
is still more confusing and a special discussion of this point will
ce entered into here.
The yeast- like fungi without endo spore formation have been
placed by various writers in one or another of the genera listed
below. Those genera are excluded which include endo spore formation
as an essential feature of their classification. Genera such as
Saccharomyces and Endomyces have been used to include the asporo-
genic forms, by a number of authors, on the same grounds that certain
rusts are included among the Basidiomycetes although their "perfect"
forms are not known. Each genus in the list below is followed by
the name or names of the writers who have used it most prominently
to include the typical asporogenic yeasts.
Blastomyces (Gilchrist and Stokes)
Cryptococcus (GuilHermond, Vuillemin)
Hormiscium (Bonorden)
Honilia (Castellani, Ashford, etc.)
Myco derma (Hansen, Will)
Oidium (Robin, Co a)
Pseudomonilia (Geiger)
Pseudo saccharomyces (Will)
Torula (Hansen, Will)
The classification used by DeBeurman and Gougerot ('09) in-
cludes the genera Zymonema, At elo saccharomyces and Parasaccharomyces,
all of yeast-like character. These will be discussed in further
deta.il later.
Accepting as final the rulings of the Brussels Congress on the
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running of the fungi, the writer has not attempted to antedate .'riea
('21- '32) in the discussion of these genera except where earlier
descriptions aid in clearing up certain vague points in the descrip-
tions of later writers.
The genus Torula has been used by practically all investigators
interested especially in fermentative industries, to include all the
asporogenic yeasts which do not form a distinct pellicle in liquid
media, those forming a pellicle being placed in the genus Mycoderma.
Hansen, Will, Guilliermond and Lindner accept this interpretation of
the genus. On the other hand the mycologist regards those dark
colored forms which form chains of spores resembling a necklace of
beads as true Torula species. Thus Saccardo and Lindau have both
placed this genus in the family Dematiaceae which is made up of dark
spored forms. The genus Torula was founded by Persoon and emended
by Fries who used as his type species Alternaria t enui s of Persoon.
This is described by Persoon ('22- '28) as having dark-colored spores
which character justifies later authors in placing this genus in
the Dematiaceae. Turpin ('38) studied the budding yeast plants in
beer and named them Torula cerevi si ae . He had the impression that
they were a stage in the life of a plant which, in the presence of
abundant oxygen, gave first Mycoderma cerevi si ae and later Penici Il-
ium g laucum . Hansen and others have used Turpin's description as a
basis for including all asporogenic yeasts of this character in
Torula
.
Sumstine ('13) and Vuillemin ('ll) discuss at length the genus
Llonilia from a taxonomic standpoint. The former states that, judg-
ing from Persoon's description and synonymy, Monilia is congeneric
with Aspergillus and Penicillium. Vuillemin also holds that most

C8
of the species originally included by Persoon under the penus i;loni-
II a have been shown to belong to Aspergillus, Peni ci Ilium , or Torula.
Fries takes as the type of the genus, Mu cor caespito sa Linn, which
is the same as Monilia digi tat a . This, from his description and the
statements of Persoon, i s an Aspergi llus , as the name itself would
suggest. Thus there is no doubt but that Fries had an Aspergillus-
like fungus in mind as the type of the genus Monilia.
Vuillemin, however, taking Moni li a fruct igena as the type of
the genus tries to show that this is very similar to Monilia Candida
(M. Bo nordenii Vuil.) in its process of spore formation and in turn
he accepts Plaut's ('87) conclusion that Monilia Candida is the
same as the thrush organism, Monilia (Oidium) alb i cans . He bases
his conclusions on the fact that the spores of Moni lia fruct igena
are blastospores rather than conidiospares . Thus he attempts to
justify placing all the yeast-like fungi of the Oidium albi cans type
in the genus Monilia. But anyone who has made a study of Moni lia
( Sclero t i ni a ) ci nerea and f ruct igena is familiar with the fact that
they produce a distinct aerial mycelium and that the conidia are of
fairly uniform size and germinate by means of a true germ tube. All
of these characters are lacking in Oidium albicans . If Vuillemin's
conclusions were in accord with the rules of nomenclature and we
accepted Moni lia fructigena as the type of the genus, there would be
sufficient basis for discarding it for the yeast-like forms under
discussion. On the other hand, if the tyoe of this genus is Asper-
gillus-like then the forms under consideration could not be included.
The genus Oidium was founded by Link in 1809. Fries gives
as the type of this genus Mu cor lepro sus Linn., and as a synonym of
this Oidium aur eum Link, thus accenting Link's type species. This
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fungus is well known and ha3 a distinct septat e ,aeri al mycelium and
sporophores, characters which serve to eliminate it from the present
di scussion.
The genus Blastomyces has led to great confusion in that the
"budding fungi are often known as blast omyc et es . Though Prank createc
an order which he called "Blastomycet es" he did not have a genus of
the above name in this order. Costantin and Rolland ('88) created
a new genus, Blastomyces, for a fungus which is not at all yeast-
like in character. Gilchrist and Stokes ('96) named a budding
organism isolated from a skin disease, Blastomyces dermat iti
s
and
Roncali ('95) also used this generic term for a budding organism
isolated from a carcinoma of the ovary. The former organism is
yeast-like only during a part of its life history, later forming a
distinct aerial mycelium. The latter is very similar to the organ-
isms studied in this investigation. Medical writers in general
have been inclined to use this name in a loose sense for all patho-
genic yeast-like fungi. The genus is tenable neither for these
organisms nor for the type represented by Gilchrist and Stokes*
fungus
.
The genus Hormiscium erected by Kunze and Schmidt in 1817 and
used by Bonorden ('51) to include a number of the fermenting yeast-
like organisms has been emended and transferred to the Dematiaceae
by Saccardo.
Cryptoccocus was erected by Kutzing ('33) as a genus of the
algae. He lists one species, Crypto coccus mo lli.s, and does not
include a specific description. The generic description is as
follows: "Globuli mucosi hyalini non colorati in stratum indeter-
minatum muscosum facile secendens sine ordine aggregate." In a
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later publication he places Saccharomyces cer ev i siae in this genus.
Vuillemin ('01) has, unfortunately, selected this name for a genus
to include all the pathogenic yeasts. Guillermond ('12) has accepted
Vuillemin' s interpretation of this genus and places in it all yeasts
not forming spores which are associated with animal disease. The
genus Cryptococcus is considered valid for those asporogenic yeasts
which do not form a distinct septate mycelium and will be used in
the future discussion for such species.
De Beurmann and Gougerot ('09) have discussed in great detail
the classification of the mycoses of animals. In their masterly
treatise of the subject attention is called to the great confusion
which exists, especially among medical writers, regarding the proper
botanical position of the various types of budding fungi causing
disease. They present a scheme of classification which includes all
the described species of budding fungi associated with animal dis-
ease. The following summary of their system includes only a dis-
cussion of the genera involved:
1. Saccharomyces
,
Meyen, 1838. In this are included those
yeasts which have round, oval, elliptical or elongated
cells with vegetstive reproduction by budding only and
ascospore formation always present.
2. At elo saccharomyces . De Beurmann and Gougerot, 1909 (genre
provi soire ) . This genus, in all respects except in the
formation of asco spores, is exactly like Saccharomyces
,
i.e. it is the "imperfect" genus corresponding to Sacc-
haromyces .
3. Parasaccharomyces J- De Beurmann and Gougerot, 1909. (Emend,
1
' Parasac charomyces .- De Beurmann et Gougerot, 1909. Para-
sites mal classes, proches des saccharomyces. Llemes caracteres
que les at elo saccharomyc es , c'est-a-dire cellules rondes ou ovoides
ou allonge'es, bourgeonnant s sans asques connues, Mais les formes de
transition avec les parasites suivants (e'bauches fi lament euses
,
formes oidiennes) sont plus marquees et indiquent 1 ' eloignement du
genre bien defini des saccharomyces.

71
Anderson). Similar to the preceding genus except that
there are elongated cells and rudimentary mycelial
threads
.
4. Zymonema . De Beurmann and Gougerot 1909. Thaliu3 composed
of a mixture of round, oval or elliptical budding cells,
and di stinct .branched septate mycelial elements. The
hyphae may break up into short rectangular cells as in
Qidium lact i s or may form either intercalary or terminal
chlamydo spo res
.
b. Endomyces . Rees, 1870 (Emend).- Thallus formed of branched,
budding articles. Ascus solitary at the end of the fila
ment and containing four hemispherical or reniform,
hyaline ascospores.
Of the five genera ^iven above the first and last form asco-
spores and their characters are well established. The second, third
and fourth genera contain the budding forms not producing ascospores
and it is with these that we are especially concerned. Atelosacch-
aromyces as defined by these authors corresponds to the genus Crypto
coccus of Kutzing, and on this account the earlier name, Crypt ococ-
cus, has been substituted in the following discussion for Atelosacc-
haromyces of De Beurmann and Gougerot. Parasaccharomyces though
not well defined by these authors is evidently intended to include
forms such as Monilia Candida in which the budding phase predomina-
tes but rudimentary septate hyphae are produced. A number of
species of this character were studied in the present investigation,
some forming only a few unbranched elongated elements which rarely
become septate, others producing a scantily branched but abundant
mycelium with septate hyphae ( Moni li a candi da ) . ^he mycelium is
never aerial nor dry in character in these species. It has been
thought best to accept the genus Parasaccharomyces with this more
complete characterization rather than to add to the confusion by
erecting another genus.
The genus Zymonema was erected by De Beurmann and Gougerot to
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include such species a3"Blastomy c e s dermatitis " in which the budding
phase is secondary in importance, the final result of growth in cul-
ture being a markedly branched, aerial mycelium. They propose the
name Zymonema Gi lchri sti for the organism described by Gilchrist and
Stokes ('95) and more thoroughly investigated by Ricketts ('Gl) and
others. This name should be adopted for the fungus, in order to do
away with the confusion which has arisen in recent years from the use
for it of such generic names as Blastomy ces
,
Oidium, and Crypt oco ecus
The following key includes the genera of budding fungi in
which the budding phase is predominant. This includes not only the
yeasts without spore formation but also those developing asco spores.

I .
Key to the Tenera of ^uddi Fu ngi
Asco spores known.
Vegetative cells single or attached in
irregular colonies, mycelium not de-
veloped, ascospores formed within iso-
lated vegetative cells ( Saccharomycet aceae^
)
Spores globose or ovoid.
Spores upon germination forming
typical yeast cells.
Ascus formation preceded by
the conjugation of gametes
Ascus formation not preceded
by the conjugation of
garnet es
Spore membrane single —
Spore membrane double —
1. Zygosaccharomyces
2. Saccharomyc es
3. Saccharomycopsi
s
Spores upon germination forming
a poorly developed promycelium -- 4. Saccharomycodes
Spores pileiform or limoniform,
co state 5. Willia
Spores hemispheric, angular or ir-
regular in form, upon germination
forming an extended promycelium 6. Pichia
Vegetative cells produced predominantly
by budding but forming a mycelium under
some conditions, asci terminal or inter-
calary, differentiated from the mycel-
ium 7. Endomyces
II. Ascospores not known, i.e. Fungi Imperfecti.
Heavy, dry pellicle formed
on liquid media 8. My co derma
No distinct pellicle formed.
Vegetative cells forming a septat e my-
celium under exceptional conditions
but nredomi nant ly budding 9. Parasaccharomyces
Vegetative cells formed only by budding.
Cells apiculate, limoniform 10. Pseudo saccharomy-
Cells frequently elongated into ces.
narrow, no nsept ate hyphal threads -11. Pseudomoni li
a
Cells typically yeast-like 12. Cryptococcus
1. The genus Schizo saccharomy ces which does not bud and the
relatively unimportant genera T'onospora and I'ematospora are not
included in this key.
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VII . Descrip ti ons of New Speci es of Yeast
g
Over one hundred cultures of unknown yeast-like fungi were
studied during the course of the present investigation. The cultural
and morphological characters of all these were studied sufficiently
to demonstrate that there were few absolute duplications in the en-
tire number of cultures. A detailed investigation of a group of
these cultures has been presented in a previous section. Specific
descriptions of some of these together with a few other interesting
forms are given below. Cultures of the described species have been
sent to the American Museum of Natural History, New York, the Central
stelle fur Pi lzenkultur en
,
Amsterdam, Holland, and the U.S. Depart-
ment of Agriculture, Bureau of Plant Industry. An additional set
together with dried type material has been deposited in the herbar-
ium of the Department of Botany, University of Illinois.
PSEUDOSACCHAROMYCES STEVENS I Bp. nov.
Morphology .- In both young and old cultures the cells are
narrowly elliptical, oblong or apiculate; cytoplasm very granular;
vacuoles not distinct except in old, swollen cells; no elongated
cells or false mycelium formed under any condition of culture. Budd-
ing only at ends by elongation and swelling of the apiculate portion.
Size 2 x 5 p . No endo spores formed. Plate I, figs. 10, 11.
1. The size given is not the average of a large number of
measurements but is the result of an attempt to select a single cell
which will represent the size and proportions of the most numerous
cells of a fairly uniform character. This plan is believed to give
more definite results than could be obtained by measuring numerous
cells and averaging these. This conclusion is based on a study of
both methods.
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Cultural charact era .- On dextrose agar the streak is filiform,
glistening, white, flat, and smooth. The growth i3 very slow and
the colony becomes dirty-grey with age. In gelatin no liquefication
growth filiform. In beerwort and sugar media slow development with
no evidence of growth except a slight sediment. Giant colonies very
small. Plate V, fig. 4. "Plate XIV, fig. 1.
Physio logi cal p roperties .- No fermentation of dextrose, levu-
lose, sucrose, lactose, raffinose, galactose, nor maltose. No
decided change in acidity in these sugars, dextrine nor yeast water.
No change in litmus milk.
Isolated from human feces.
Culture No. 9.101. Type specimen No. 1. Type slide No. 9.
ZYGOSACCHAROMYCES BISP0RU3 sp . nov.
Morpho logy .- In young liquid cultures the cells are oval or
ovate; in old cultures they assume various forms with numerous con-
jugating but usually no sporulating cells. Elongated cells common
but no mycelial formation. Budding from end or side. Size 4 x 6 . 5u
Spore formation on carrot slants at room temperature. Conjugation
most common previous to score formation but parthenogenesis not rare
2-4 ascospores, most commonly 2. Plate II, fig. 8.
Cultural characters .- On dextrose agar the growth is spreading,
dull, flat, white; later becoming brownish with small, scattered,
wart-like prominences and more glistening surface. Filiform growth
in gelatin stab and liquefication in beerwort gelatin in 3 weeks.
Pellicle on beerwort and some sugar media. For giant colonies see
Plate v, fig. 1.
Physiological p roperties.- Does not ferment dextrose, sucrose,
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levulose, maltose, galactose, lactose, nor raffinose. No decided
change in acidity in these media. No change in litmus milk.
Isolated from human feces.
Culture No. 11.501. Type specimen No. 3. Type 3lide No. 11.5
CRYPTOCOCCUS VERRUCOSUS sp . nov.
Mo rpho lop;y .- In young liquid culture the cells are oblong,
narrowly elliptical or oblong- elongat ed ; in old cultures elongated
cells common with several "oil" globules in each cell. Size 3 x 9 p.
Budding from shoulders, ends or sides. No endospores formed.
Plate III
,
figs
-i ,2.
Cultural char act er
s
.
- On dextrose agar slant at first an
even, filiform, glistening, white, smooth growth; later dull, brit-
tle, verrucose, pulvinate. On carrot 3lant the growth is more pro-
fuse with verrucose character more pronounced, and with chalky white
surface. Filiform or nodose in gelatin stab with no liquefaction.
On sugar media and beerwort after two days a few small, white
patches appear on the surface, later becoming larger, dry and very
firm; at first remaining separate but later coalescing. For giant
colonies see Plate V, fig. 5. Plate XIII, fig. 3.
Physiologi cal properties .- Does not ferment dextrose, levulose,
sucrose, maltose, galactose, lactose, nor raffinose. No decided
change in acidity in these sugars. Litmus milk becomes very slight lj
alkaline after several weeks.
Isolated from human feces.
Culture No. 172.1. Type specimen No. 2. Slide No. 172.
The dry brittle character of the colonies on solid media, the
formation of the isolated, white patches on all liquid media, and
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the peculiar type of cell3, clearly di stingui ahed this yeast from any
other studied.
CRYPTO CO CCUS AO-GRFGATUS Bp. no v.
Uo rpho logy . - In "both young and old cultures the cells are mostly
globular or slightly oval. No elongated cells formed. Budding from
any point on the cell, usually several buds arise from each cell; in
old cultures buds are commonly formed in large numbers about a single
enlarged cell. Size 3.5 u. Plate II, figs. 1,2.
Cultural charact ers .- On dextrose agar slant the grov/th is
filiform, convex, glistening, smooth, chalk-white and firm. In old
cultures the surface remains smooth with even edges and no darkening
in color. Filiform, later nodose growth in gelatin stab with no
liquefaction. No pellicle nor ring formed in beerwort or liquid
sugar media. The surface of the giant colonies on dextrose agar
plates remains remarkably smooth, only dim, concentric lines appear-
ing. Plate VI, fig. 2. Plate XIV, fig. 2.
Physiological properties .- No fermentation in dextrose, sucrose
levulose, maltose, galactose, lactose nor raffinose yeast-water.
No decided change in the acidity of these sugar media. Litmus milk
becomes very slightly alkaline after three weeks.
Isolated from human feces.
Culture No. 215.103. Type specimen TTo . 3. Tyoe slide No . 215.
Two other cultures, No. 215.101 and 215.102, isolated from
the same individual were compared with the above species and found
to be identical. The isolations were made from the same sample of
feces but from different colonies.
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CRYP^OCOCCUS OVOIDEUS sp. no v.
Morphology .- Cells in young cultures round or oval, fairly uni-
form in size and shape; in old culture cells oval or "broadly ellipti-
cal, varying markedly in size and with few "budding cells. No elonga-
ted cells nor hyphal elements. Size 3.5 x 4.5 u. Plate I, fig. 1,
2.
Cultural charact ers .- On dextrose agar the streak is filiform,
slightly raised, glistening, smooth and chalk-white. The growth is
slow and there is little change in old cultures. Filiform growth in
gelatin stab with no liquefaction. No pellicle nor ring in beerwort
nor liquid sugar media. For giant colonies see Plate VII, fig. 2.
Plate XIV, fig. 3.
Physio logi cal charact ers .- Slight fermentation of dextrose,
levulose and sucrose. This occurs only after a week and the produc-
tion of gas is never over ten per cent of the closed arm of the
tube. No decided change in acidity in sugar media. No change in
litmus milk.
Isolated from human feces.
Culture No. 137.101. Type specimen No. 5. Type slide No. 137.1
This species is very similar in many of its characters to cul-
ture No. 170. 1C1. The latter, however, ferments dextrose and levu-
lose very rapidly and completely. Both of these cultures are slow
growing, very smooth, and remain white and even- edged in very old
cultures. The surface elevation is not so decidedly convex as in
most yeasts of the white, glistening type.
CRYPTOCOCCUS GLAERATUS sp . nov.
Morphology .- Cells in young cultures oval or elliptical, fairly
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uniform in size and shape; in old cultures cells round, oval or
elliptical, more variable in form and size. Budding from the end3
or shoulders of the oval and elliptical cells. No elongated cells
nor hyphal elements. Size 3 x 4.5 u. Plate I, fig. 12; Plate III,
fig. 12.
Cultural charact ers .- On dextrose agar the streak is filiform,
glistening, raised, smooth and chalk-white. In old cultures the
surface remains smooth and the edge entire. Slow growth on all
solid media; lioxuid media remain clear with little evidence of
growth, and no pellicle nor ring formation. For giant colony see
Plate XIV, fig. 4.
Physio logi cal charact ers Rapid fermentation of dextrose and
levulose. Other sugars not fermented. Litmus milk becomes only
slightly alkaline. No decided change in acid reaction in sugar
media. Gelatin is not liquified.
Isolated from human feces.
Culture No. 170.101. Type specimen No. 6. Type slide No. 170.
This species differs in few respects from Crypt o co ecus o vq ideu
s
.
The cells are more elliptical and the fermentation reactions are
unlike
.
BYCODERMA MONO SA sp. no v.
Morpho logy . - Cells in young cultures elliptical or narrowly
elliptical; in old cultures cells of various forms, predominantly
elliptical with numerous elongated and irregular forms. Rows of
elongated cells in old cultures form a false mycelial development.
No true septation observed. Budding from the ends or from shoulders
of the young cells. Size 2 x 5 . 5 \x Plate I, figs. 14, 15.
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Cultural characters .- On all agar slants the atreak is spread-
ing, dull, white, flat, becoming grey with age. A heavy dull
pellicle is formed within 24 to 48 hours on all liquid sugar media
and on beerwort . Villous growth along stab in gelatin. For giant
colonies see Plate x, fig. 3. Plate XII, fig. 5.
Physiological properties.- Dextrose and levulose fermented
readily. No change in litmus milk. Sugar media with ar. original
acidity of -1 become less acid after one week.
Isolated from human feces.
Culture No. 141.101. Type specimen No. 7. Type slide Ho . 141JL
MYCODERMA RUGOSA sp . no v.
Morpho logy . - Cells in young cultures elliptical, oblong,
elongated or somewhat irregular; in old cultures the cells on the
surface of the medium are oblong, ovate or elongated, beneath the
surface very long, narrow cells of hyphal character are produced by
the elongation of the bud at the distal end of another elongated
cell. No septate mycelium formed. Budding in young cell from end
or shoulder. Size 3 x 6.5 p. Plate I, figs. 8, 9.
Cultural charact er
s
.- On dextrose agar slant the streak is
white, dull, flat but not spreading; later the surface become
glistening and decidedly rugose and pitted. Bushy growths may
extend downward into the agar at points along the streak. Rapid
villous development in gelatin stab cultures. Heavy pellicle
formed in sugar media and beerwort. Giant colonies very distinct-
ive, (Plate VIII, fig. 1) .
Physiological characters .- No sugars fermented; no change in
,
litmus mi lk .
;
I
i

Culture No. 128.1. Type specimen No. 8. Type nlide No. 128.
Isolated from human feces.
This Mycoderma is not distinguishable from several other
species, e.g. M. c erevi si ae , so far as the morphological and physio-
logical characters enumerated above are concerned. An examination
of photographs of the giant colonies of various Mycoderma species
revealed the fact that none of these species produce the peculiar
rugose-pitted type formed by the above species. The production of
such a type of growth is not confined to giant colonies on dextrose
agar but is present on slants of dextrose and beerwort agar.
PARASACCHAROKYCES ASHFORDI sp . no v.
Morphology . - In young cultures, cells round or slightly oval;
in old cultures, cells of many forms,- oval, elongated, elliptical,
round, or irregular; giant cells common. Septate mycelium developed
in gelatin hanging-drop and in old cultures. Budding from any point
on the young cells, but usually near the ends of articles in old
cultures. Size 4.5 x 5 u. Plate II, figs. 4, 5; Plate III, fig. 11.
Cultural characters .* On dextrose agar the streak is filiform,
raised, glistening, chalk-white and smooth; later the central portior
may become rugose or pitted; the edge of the streak may remain en-
tire or become decidedly filamentous, due to the outward growing
hyphal elements under the surface of the medium (Plate II, fig. 5a).
Growth in gelatin stab at first filiform, later developing scattered,
bushy clusters of filaments. In liquid sugar media and beerwort a
very evident ring formation, no pellicle. For giant colonies see
Plate IX, fig. 2 and Plate XII, figs. 2,3.
Physiological p roperties. Ferments dextrose, maltose, and
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levulose; occasionally sucrose and galactose are fermented. Yeast-
water sugar media with an initial acidity of 1 become more alkaline
(Table VI culture 2.501). Litmus milk rendered alkaline in two
weeks but not clotted. Gelatin rarely liquified.
Isolated from sprue case by Dr. T3.K. Ashford in Porto Rico.
Culture D. (Culture No. 2.501 was pronounced by Dr. Ashford to
be identical with his organism^). Type specimen No. 4. Type slide
2.5 .
This species strongly resembles the fungus variously called
Oidium albicans
,
Moni lia albicans and Endomyces alibcans . Caste Hani
(•16) has, however, reserved the name Mo ni li a albicans for a species
which always clots milk and liquifies gelatin. Moni li a albicans .
Oidium albicans and Endomyces alb ic an s are synonyms and, if Vailli-
min's ('99) results are accepted and are of general application to
all of these, the correct name for the species is Endomyces albi cans
,
since he states that this species forms asci after the manner of
other species of the genus Endomyces. Since all efforts to develop
the perfect stage of the sprue organism both by Dr. Ashford and
myself, ended in failure and since it, differs in many of its physio-
logical characters from the typical Endomyc es albi c ans , it has been
thought best to give it specific rank rather than to regard it as a
variety of Endomyces albi cans .
1. Letter dated December 6, 1916.

86
PARASACCHAROMYCES THOMAS I Bp. no v.
Morpho lofty . - In young cultures, cells elliptical or ovate; in
old cultures, surface cell3 round, oval, elliptical or elongated,
sub-medial cells forming a distinct mycelium mostly by elongation of
cells produced by budding; occasional septation in gelatin hanging
drop. Budding from ends or shoulders. Size 3.5 x 5 u. Plate III,
figs . 4 , 5
.
Cultural charact ers .- On dextrose agar the streak is, at first
white, glistening, convex, smooth; later the surface becomes rugose
with a decidedly elevated ridge down the center. Beneath the sur-
face of the medium the radiating hyphae form a villous fringe. In
beerwort and liquid sugar media no pellicle nor ring. In gelatin
stab cultures growth finely villous. Giant colonies in beerwort
gelatin decidedly yellow in color and otherwise very characteristic.
Plate V, fig. 4. Plate XIII, fig. 1.
Physiological properties .- Slow fermentation of dextrose,
levulose and maltose. In litmus milk decided alkaline reaction.
Isolated from human feces.
Culture >7o . 147.103. Type specimen No. 10. Type slide go. 147
This species is similar to Parasaccharomy ces Ash fo r di in its
physiological properties. It differs mainly in its morphological
characters and the type of giant colonies produced. The yellow,
rugose colony in beerwort gelatin is especially characteristic and
easily distinguishes in this species from P. Ashfo rd iL .
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VIII. Summary and Co nclusionB
1. Yeast-like fungi are commonly found in the intestinal tract
of man. They are of many species and, for the most part, such types
as are commonly present in nature and known as "wild yeasts." It
is probable that these yeasts are ingested with the food.
2. The feces of individuals suffering from gastro-int est inal
disorders of various types do not yield a larger number of yeasts
than those from healthy individuals. There i s no one species common-
ly present in the intestinal tract of either healthy individuals or
those suffering from gastro-int est inal troubles.
3. In a case diagnosed by highly competent clinicians as
sprue, yeast-like organisms of a single species and in great numbers
were constantly present. This species is the same as the sprue
organism isolated by Ashford.
4. Non-pathogenic yeasts, when fed in mass, pass through the
alimentary tract in a living condition and may be found in great
numbers in the feces. They do not cause serious inconvenience when
fed alone and are not retained longer than ingested food.
5. The sprue organism, when ingested after being in culture
for several months, is not able to cause the disease but is retained
in the intestinal tract for a longer period of time than in the case
of the non-pathogenic forms.
6. The pathogenic yeasts, for the most part, are easily dis-
tinguished from the yeast-like fungi isolated from the digestive
tract. None of the yeasts isolated from healthy indivi duals or from
those suffering temporary intestinal disturbances were identical
with the pathogenic yeasts studied.
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7. Generic separation among the yeasts which do not form
ascospores is based upon the presence or absence and relative pre-
dominance of a septate mycelial phase in the life history of the
organism, together with the type of budding and striking cultural
characters. The genera to which the budding asporogenic fungi be-
long are: Crypto coccus , Parasaccharomyces , Pseudo saccharomyces
,
Pseudononili a, Mycoderma, and Zymonema.
8. On account of the wide morphological and cultural varia-
tions within a single species, the seoaration of species is based on
the combination of morphological, cultural and physiological charac-
ters. The necessity of a standard method of procedure similar to
that of the bacteriologists for the separation of species is recog-
nized.
9. The yeast-like fungus associated with sprue is similar in
many of its characters to Endomyces albi cans and is possibly identi-
cal with the yeast commonly found causing thrush in children.
10. The sprue organism (Parasaccharomyces Ashfordi sp. nov) is
easily distinguished from the "wild yeasts" commonly found in the in-
testinal tract by it 3 reactions in sugar media and milk; and cultur-
al characters, such as the peculiar growth in gelatin stab cultures
and the formation of septate mycelium in gelatin hanging drop cul-
tures. No one of these characters when taken alone is sufficient to
identify the species and any or all of them may vary under some
conditions
.
11. Fourteen cultures isolated from the intestinal tract were
carefully studied and compared with known species. Of these, eleven
were evidently different and distinct species while three were suf-
ficiently like Parasaccharomyces Candida (Monilia Candida Bon.) to
warrent placing them in this species.
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Explanation of Plate I
Fig. 1. Crypto CO ecus ovoideus bo. nov. Cells from a young,
U w X W U X b LU1 I Ul C •
Fi . 2. Cryptococcus ovoideus sp. nov. Cells from an old,
pv t f r\ ^ p arnT 1 "f 1 1 TPt -\ L i U O C **«K cX X LU.XLU.lv-.
Fig. 3. Culture No. 141.201. a. Elongated cells with groups
of "buds. From beneath the medium in an old, dextrose
CL^Zj cXX IsiXXLiXXC* U • OC 1 i •.' 1 X U 111 III C OUi j. dl C U -L IXiC MitUl Ul.'i i
4. Parasaccharomy ces Candida comb. nov. Cells from
vm i "Hpptwott r»u 1 t n tp I fn 1 tn T p ~\?>cs 9?Q )
Pi . 5. Parasaccharomyces Candida comb. nov. a. Elongated cells
developed in old, agar culture "beneath the surface of
the medium. The attached, globular cells have large
refractive globules filling most of the cell interior,
b. Cells from surface of old culture showing large
Tpf* Tdr>"!" 1 T"p -i-l ri Vo 1 TX Ci X Obw tXVC L/Ul en
Fi ;. 6. Saccharomyces hominis Busse. Cells from young, beerwort
nn 1 tu tp psVinwi Tier tippuI i fli" t vnp of huddinc .
Pig. 7. Saccharomyces hominis Busse. Cells from old culture
showing at b the numerous large granules usually
y\ t* p c pnf in old ppl 1
Fi
.
8. My co derma rugosa so. nov. Budding cells from youngs
hPPTmrn Tt (^"{"y T *t* n T PU c t. X WU i. U- IX X u IX. X c •
"Pi v 9 Mv rnri ptthm tii xrn <^ri nov fpl 1 s "fTnrn n 1 fi np*5.r fitlltur ©
.
10. Pseudo saccharomyces St evensi . sp. nov. Cells from
\rn ii n nr Vj ppTWH TT ni 1 til TP
Fig. 11. Pseudosaccharomyces St evensi sp . nov. Cells from old
o cr n r> cl art r,1]l^"ll v> P
Fig. 12. Cryptococcus glabratus sp. nov. Cells from youn-,
V fi o "fw rj"P+ c ~! * . + i v"! 1 tn TPUcci WU I L. g clau 1 H LU1 l Ui t i
Fig. 13. Parasaccharomy ces Candida como. nov. Budding cells from
vol i Vi pptwd T"T on 1 1" l ) T o f Hu 1 tu tp Mo 1 PS ? V|
Fie: 14 . Mvondp T^na inn no k nov fol 1 c fTnm vm i nc- hp pyrn tt on 1 tn TP
15. My co derma monosa sp. nov. Cells from old, agar culture.
1
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Explanation of Plate II
Fig. 1.
Fig. 2.
Fi g . 3
.
Fig. 4
Fig. 5
Fig. 6
Fig. 7
Fig. 8
Fig. 9.
Fig. 10.
Fig. 11.
Fig. 12.
Crypt o go ecus aggregatus sp. nov. Budding cells from your
beerwort culture.
Crypt o co ecus aggregatus sp . nov. Cells from old, agar
cultures showing peculiar aggregation of "buds about th
enlarged, globular cells.
Parasaccharomyces Candida comb. nov. a. Portion of septa
mycelium from beneath the surface of the medium,
b. Cells from the surface of old, agar cultures. (Cul-
ture from Cent ralst elle fu'r Pi lzkulturen
,
Amsterdam.)
Parasac charomyces Ashf o rdi sp. nov. Cells from young,
beerwort culture. "[Culture D. from Dr. Ashford.)
Parasac ch aromy c e
s
Ashf p rdi sp . nov . a . Mo ni 1 i fo rm c lu s t
e
of cells developed ceneath the surface of an old agar
culture, b. Cells from the surface of the same cultur
Parasac ch aromy c e s Candida comb. nov. Young cells from
beerwort cultured [Culture from 'Cent ralst elle fur
Pilzkultur en, Amst erdam
.
)
Zygo sacch aromyces bi sD orus sp . nov
culture .
Cells from agar slar
Zyg o s ac ch ar omy c
e
s bj. sporus sp . nov. a. Typical form of
cell3 from old, agar slant, b. Conjugating cells whic
do not develop ascospores. £. Ascospore development
without conjungat ion. d. Ascospore development as a
result of conjugation, b, c_, and d from carrot slant.
Young cells of Culture Ho. 138.102.
Saccharomyce s ellip so i deus Hansen. From young culture.
Saccharomyces ellip so id eus Hansen. From old culture.
Old cells of Culture No. 138.102.

98
Explanation of Plate III
Fig. 1. Crypt
o
coccus verruco sus sp . no v. Budding cells from a
young, beerwort culture.
Pig. 2. Cryptoc occus verruco sus sp . no v. From old, agar culture i
showing the pronounced granular condition.
Fig. 3. Culture 141.201. Cells from young, beerwort culture.
Fig. 4. Parasac charomyc es Thomasi sp . no v. Cells from young,
beerwort culture.
Fig. 5. Parasaccharomyces Thomasi sp . no v. a. Elongated cells
forming a false mycelium beneath the surface of the
agar slant, ^he elongated cells are formed by the
elongation of terminal buds. b. Cells from surface
of same culture.
Fig. 6. Parasaccharomyces C andida comb, no v. (Culture TTo . 158).
Fig. 7. Culture l~o . 141.102. Cells from young, beerwort culture. 1
Fig. 8. "Oidium albicans ." Cells from young, beerwort culture.
( Culture from St. Thomas Hospital, London).
Fig. 9. "Oidium albicans," Cells from surface of old, agar
culture .
Fig. 10. Group of yeast cells from a culture of Paras ac charomy ce3
Ashfordi showing the great variation in form and size
that occurs in a single field of the microscope.
Fig. 11. Parasac char
o
myc es Ashfordi sp . nov. Young cells from
Culture No . 2.501.
Fig. 12. Para sacch aromy ces Ashfordi sp . nov. Old cells from surfac
of agar streak of Culture No . 2.501.
Fig. 12. Septation in the hyphae of Parasaccharomyces candi da .
From gelatin hanging drop of Culture No. 152.
Platem
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Explanation of Plate IV
Fig. 1. Giant colony of Culture No. 10.102 on dextrose
agar . 2 x
.
Fig. 2. Giant colony of Culture No. 141.102 on dextrose
agar . 2 x .
Fig. 3. Giant colony of Parasac charomy ces candi da comb, no v.
on dextrose agar. 2 x~ [Culture 229)
Fig. 4. Giant colony of Parasaccharomy ces Thornasi sp. no v.
on dextrose agar. 2 x.
Fig. 5. Giant colony of Culture No. 166.102 on dextrose
agar. 2 x.
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Explanation of Plate V
Fig. 1. Giant colony of Zygo saccharomyces bisporus sp . nov.
on dextrose agar . S"x7
Fig. 2. Giant colony of Culture No. 167 on dextrose agar.
2 x.
Fig. 3. Giant colony of Culture 139.201 on dextrose agar.
2 x.
Fig. 4. Giant colony of Pseudo sac charomy c es St evensi sp
.
nov. on dextrose agar 2.5 x.
Fig. 5. Giant colony of Crypto coccus verrucosus sp . nov.
on dextrose agar. 2.5 x.
2
1C1
Explanation of Plate VI
Fig. 1. Giant colony of Culture No. 10 5, on dextrose agar.
2 x.
Fig. 2. Giant colony of Crypt ococcus aggregatu s sp. nov. on
dextrose agar. 2 x.
Fig. 5. Giant colony of Culture No. 147.102 on dextrose agar.
This is one of the pink types of yeasts. 2 x.
Fig. 4. Giant colony of "Oidium albicans" on dextrose agar.
The rugose region between the inner and out ring
became more broken a few days after this photograph
was taken. 2 x
.
Fig. 5. Giant colony of Culture No. 239.101 on dextrose
agar. 2 x.
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Explanation of Plate VII
Fig. 1. Giant colony of Culture 11.901 on dextrose agar 2 x.
Fig. 2. Giant colony of Crypt ococcus ovoideus sp . nov. on
d ext rose ag ar . 2 x
.
fFig. 5. Giant colony of Culture Ho. 13^.101 on dextrose
agar. 2 x.
Fig. 4. Giant colony of Culture Ho. 139.101 cn dextrose
agar . 2 x
.
Fig. 5. Giant colony of Culture Ho. 146 on dextrose agar
2 x.
Fig. 6. Giant colony of Sac charomyces cerevisiae Meyen on
dextrose agar. 2 x.
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Explanation of Plate VIII
Fig. 1. Giant colony of Myco derma rugo sa sp . no v. on dextrose
agar . 1 . 5 x
.
Fig. 2. Giant colony of Paras
a
c ch aromy c e s Candida comb, no v.
on dextrose agar. 1.6 x { Culture No. 152)
2
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Explanation of Plate IX
Pig. 1. Giant colony of Culture Ho . 11.701 on dextrose agar.
1.5 x
.
Fig. 2. Giant colony of Para s ac char onyces Ashfordi sp . no v.
on dextrose agar. 2 x. (Culture No. 2.501)
Fig. 3. Giant colony of Culture No. 215.101 on dextrose
agar 1.5 x. (Probably Crypt
o
co ccus aggregatus )
.

1Gb
Explanation of PI at 6 X
Fig. 1. Giant colony of Culture No. 42 on dextrose agar 2 x.
Fig. 2. Giant colony of Culture No. 120.102 on dextrose
agar . 2 x
.
Fig. 3. Giant colony of Myco derma mono sa sp . no v. on dextrose
agar, l.b x.
Fig. 4. Giant colony of Culture No. 231.102. on dextrose
agar . 2 x
Fig. 5. Giant colony of Culture No. 11.401 on dextrose
agar . 2 x

1C6
Explanation of Plate XI
Fig. 1. Petri dish showing appearance of plate after inoculation
from feces of individual fed with yeasts. The
white areas at points of contact are yeast colonies.
The four indefinite light areas are colonies of
Oidium lac t i s
.
Pig. 2. Giant colony of Parasaccharomyc es Ashf o rdi sp . no v.
on dextrose agar . (Prom culture Ho. 2.501). This
photograph is taken from another series of cultures
from that of Plate IX, fig. 2. The two colonies havf
many characters in common. 2 x.
Pig. 3. Giant colony of Culture ITo . 129.101 on dextrose agar.
Natural size.

Explanation of Plate XII.
Fig. 1. Giant colony of "Oidium albicans w on beerwort gelatin.
One month old. 1.5 x.
Fig. 2. Giant colony of Parasac charomy c e s Ash fo r di sp . nov . on
beerwort gelatin. 1.5 x TFrom Culture No. 2.501)
Fig. 3. Giant colony of Parasac charomy c_es Ashfordi sp . nov. on
beerwort gelatin 1.5 x. (From Culture of Ashford)
Fig. 4. Giant colony of Parasaccharomycee candi da comb . nov.
on beerwort gelatin. 1.5 x. (From Culture Y.o . 158)
Fig. 5. Giant colony of lly co derma mo no sa sp . nov. on beerwort
gelat i n . 1 . 5 x
.
Fig. 6. Giant colony of Parasaccharomyces Candida comb. nov.
on beerwort gelatin. 1.5 x . ( From Culture TTo . 152)
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Explanation of Plate XIII.
Pig. 1. G i ant colony of Par an ac charomyc es Thomasi. sp . no v. on
beerwort gelatin. 1.5 x.
Pig. 2. Giant colony of Culture No. 138. 102 on beerwort gelatin.
1 . 5 x .
Fig. 3. Giant colony of Crypt o c q c_cu verrucosus sp . no v. on
"beerwort gelatin. 1.5 x.
Pig. 4. Giant colony of Culture No. 229. 101 on beerwort gelatin
1 .5 x.
Pi g . 5 . Gi ant c o lo ny of Sacch aromyc es ellipsoideus Hansen on
beerwort gelatin. 1.5 x.
Pig. 6. Giant colony of Culture No. 141.201 on beerwort gelatin
1 .5 x .
PLATE XII!
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Explanation of Plate XIV.
Fig. 1, Giant colony of P s eu do 3 ac
c
har o myc e s St even si sp . no v. on
beerwort gelatin. 2 x.
Fig. 2. Giant colony of Crypto co ccus aggregatus sp . no v. on
beerwort gelatin. 1.5 x.
Fig. 3. Giant colony of Crypt o coccus ovoideus sp . no v. on beer-
wort gelatin. 2 x.
Fig. 4. Giant colony of Crypt
o
c o c cus gl ab r
a
tu
s
sp . nov. on beer-
wort gelatin. 2 x.
Fig. 5. Giant colony of Parasac charomy ces Candida comb. nov.
•beerwort gelatin. 1 . 5 x . (Culture from Cent ralst elle
fur Pi Izkulturen
)
Fig. 6. Giant colony of My co derma rugosa sp. nov. on beerwort
gelatin. 1.5 x. (Culture ten days old.)
1
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